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OPERATORS SAFETY SUMMARY 



The genera* safety information in this part of the summary is for both operating and servicing personnel. Specific 
warnings and cautions will be found throughout the manual where they apply, but may not appear in this summary. 

TERMS 



IN THIS MANUAL 

CAUTION statements identify conditions or practices that could result in damage to the equipment or other property. 
WARNING statements identify conditions or practices that could result in personal injury or loss of life. 



AS MARKED ON EQUIPMENT 

CAUTION indicates a personal injury hazard not immediately accessible as one reads the marking, or a hazard to 
property including the equipment itself. 

DANGER indicates a personal injury hazard immediately accessible as one reads the marking. 



IN THIS MANUAL 



SYMBOLS 



o° 






StatiC'Sensitive Devces. 



a 






/ 



A This symbol indicates where applicable cautionary or other information is to be found 

AS MARKED ON EQUIPMENT 




DANGER — High voltage. 

Protective ground (earth) terminal 
ATTENTION - refer to manual 



WARNINGS 



POWER SOURCE 

This product is intended to operate in a mainframe connected to a power source that will not apply more than 250 volts 
rms between the supply conductors or between either supply conductor and ground A protective ground connection by 
way of the grounding conductor in the mainframe power cord is essenual for safe operation. 

GROUNDING THE PRODUCT 

This product is grounded through the grounding conductor of the mainframe power cord. To avoid electrical shock, plug 
the mainframe power cord into a properly wired receptacle before connecting to the product input or output terminals A 
protective ground connection by way of the grounding conductor in the mainframe power cord is essential for safe 
operation. 
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DANGER ARISING FROM LOSS OF GROUND 

Upon toss of the protective -ground connection, all accessible conductive parts {including knobs and controls that may 
appear to be insulating), can render an electric shock. 

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES 

To avoid explosion, do not operate this product in an atmosphere of explosive gases unless it has been specifically 
certified for such operation. 

DO NOT OPERATE PLUG-IN UNIT WITHOUT COVERS 

To avoid personal injury, do not operate this product without covers or panels installed. Do not apply power to the plug-in 
unit via a plug-in extender. 
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SERVICING SAFETY SUMMARY 

FOR QUALIFIED SERVICE PERSONNEL ONLY 

Refer also to the preceding Operators Safety Summary 



DO NOT SERVICE ALONE 

Do not perform internal service or adjustment of this product unless another person capable of rendering first aid and 
resuscitation is present. 

USE CARE WHEN SERVICING WITH POWER ON 

Dangerous voltages exist at several points in this product. To avoid personal injury, do not touch exposed connections 
and components while power is on 



Disconnect power before removing protective panels, soldering, or replacing components. 

POWER SOURCE 

This product is intended to operate in a mainframe connected to a power source that will not apply more than 250 volts 
rms between the supply conductors or between either supply conductor and ground, A protective ground connection by 
way of the grounding conductor in the mainframe power cord is essential for safe operation. 
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7B87 FEATURES 



The 7B87 Time -Base unit Pretnyger Acquire Clock provides calibrated sweep rates from 5 seconds to 10 nanoseconds and triggering to 400 
megahertz for 7000 Series Oscilloscopes A XI 0 Magnifier increases each sweep rate bv a factor of 1 0 and a VARIABLE TIME/ 01V control 
provides continuousty-variabte sweep rates between calibrated steps Variable holdoft and alphanumeric readout are provided Also, when 
operating in the AUTO TRIGGERING MODE, a bright baseline trace is displayed in the absence of a trigger signal The 7B87 can be operated 
as an independent time base or as a detayed-sweep unit with a companion delaying time base unit Sweep mode is determined by the 
companion delaying time base 

The 7B87 also features an internally-generated clock and an external clock input for sequential single sweep acquisition when operating in a 
7000 series digitizing oscilloscope The frequency range of the internally generated dock is 20 48 mHz (millihertzj to 20 48 MHz as 
determined by the TIME DIV, XI 0 MAG. and INT - 1000 switches Also, an ACQUIRE-STOP DELAY (unction vanes delay ptckoff, and 
therefore prei rigger time, in compatible digitizing plug-in oscilloscopes The portion of the oscilloscope real time display between the 
triggering event and the end of delay time is intensified The exact delay time is displayed on the crt readout 
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Section 1— 7B87 



OPERATING INSTRUCTIONS 



The 7B87 Time-Base unit operates with a Tektronix 7700- , 7800-, or 7900-series oscilloscope mainframe and a 7A- 
series amplifier unit to form a complete oscilloscope system. This section describes the operation of the front-panel 
controls and connectors, provides general operating information, a functional check procedure, and basic applications for 
this instrument 



INSTALLATION 

The time-base unit operates in the horizontal plug-in 
compartment of the mainframe. When used for single 
sweep acquisition with a Tektronix 7000-series digitizing 
oscilloscope (7854) the 7B87 must be installed in the B 
horizontal compartment of the mainframe. This 
instrument can also be installed in a vertical plug-in 
compartment to provide a vertical sweep on the crt 
However, when used in this manner, there are no 
interna) triggering or retrace blanking provisions, and the 
unit may not meet the specifications given in Section 2, 
Specification. 

To install the unit in a plug-in compartment, push it in 
until it fits firmly into the compartment The front panel 
of the unit should be flush with the front pane) of the 
mainframe Even though the gain of the mainframe is 
standardized, the sweep calibration of the unit should be 
checked when installed. The procedure for checking the 
unit is given under Sweep Functions in the Functional 
Check procedure in this section. 



SETUP PROCEDURE 

1. Install the time-base unit in the A horizontal 
compartment of the mainframe, 

2, install an amplifier plug-in unit in a vertical 
compartment, 

3 Set the time-base unit controls as follows: 



SLOPE (+) 

MODE P-P AUTO 

COUPLING . ....AC 

SOURCE * . . INT 

POSITION Midrange 

0 0 TIME/DIV 1 ms 

VARIABLE (CAL IN) Calibrated (Pushed in) 

HOLD OFF. MIN (fully counterclockwise) 

MAG X) (pushed in) 



To remove the unit, first turn the power off, then pull the 
release latch (see Fig, 1-1) to disengage the unit from the 
mainframe, and pull it out of the plug-in compartment. 



CONTROLS, CONNECTORS, AND 
INDICATORS 

All controls, connectors, and indicators required for the 
operation of the time-base unit are located on the front 
panel Figure 1-2 shows and provides a brief description 
of all front- panel controls, connectors, and indicators 
More detailed information is given in the General 
Operating Instructions 

FUNCTIONAL CHECK 

The following procedures are provided for checking basic 
instrument functions. Refer to the description of the 
controls, connectors, and indicators while performing 
this procedure. If performing the functional check 
procedure reveals a malfunction or possible improper 
adjustment, first check the operation of the associated 
plug-in units, then refer to the instruction manual for 
maintenance and adjustment procedures 




Figure 1-1. Location of release latch, 
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Figure 1-2, Front-panel controls, connectors, and indicators. 
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TRIGGERING 




LEVEL Control Selects a point on the trigger signal where triggering occurs. 

SLOPE Switch— Permits sweep to be triggered on negative- or positive-going portions of the trigger signal 
READY Indicator Illuminates when sweep circuit is armed [SINGLE SWEEP Mode) 

TRIG'D Indicator Illuminates when the display is triggered 

MODE Pushbuttons Selects the operating mode of the triggering circuit 

COUPLING Pushbuttons ■ Selects the method of coupling the trigger signal to triggering circuit, 

SOURCE— Selects source of the trigger signal 



SWEEP 

(T) POSITION Control Provides horizontal positioning, 

^9^ FINE Control Provides precise horizontal positioning 

® MAG Pushbutton Selects magnified XI 0 or unmagnified sweep 

ft I J HOLD OFF Control Per mits hold off period to be varied ^improve trigger stability on repetitive, complex waveforms. 
ft2) TIME/DIV Selector Selects the sweep rate of th^sweep generator 






M3) VARIABLE Control and CAL Switch Se lectscalibrated or uncalibraied sweep rates, Unca l ibrated sweep rates can he 
continuously reduced to at least the sweep rate of the next slower position 

__ sv* 

@ SWP CAL Adjustment -Compensates for basic tuning changes due to the differences in sensitivity of mainframes 



EXTERNAL TRIGGER INPUT 

(J^) EXT TRIG ATTENUATOR— Selects attenuation factor for external trigger signals 

(16) EXT TRIG IN Connector— Connector (BNC type) provides input for external trigger signals 



PRETRIGGER ACQUIRE CLOCK 




AQS (acquire single-shot) CLOCK/AQR (acquire repetitive) -Selects the source of clock pulses from ihe 7887 to 
the 7884 digitizing plug-in oscilloscope (7B87 must be installed in B horizontal compartment of companion 
oscilloscope mainframe). 



IS } AGQJJIRE-STOP DELAY Control A variable delay gate function that allows pretngger time to be varied in compatible 
7000 scries digitizing oscilloscopes. Exact delay tune is displayed on oscilloscope ert readout 



© 



EXT CLOCK IN Connector Provides input for external TTL clock signals 



me 3B 



Figure 1 -2 (cont). Front-panel controls, connectors, and indicators. 
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4. Turn on the mainframe and allow at least 20 minutes 
warmup. 

5 Set the mainframe vertical and horizontal modes to 
display the plug in units used and adjust the intensity 
and focus for a well-defined display. See the oscilloscope 
mainframe and amplifier unit instruction manuals for 
detailed operating instructions. 



SWEEP FUNCTIONS 

NORMAL SWEEP. Perform the following procedure to 
obtain a normal sweep and to demonstrate the function 
of the related controls: 

1. Perform the preceding Setup Procedure. 

2. Connect a 0.4-volt, 1 ‘kilohertz signal from the 
mainframe calibrator to the amplifier unit input. 

3 Set the amplifier unit deflection factor for 4 divisions 
of display. 

4 Adjust the LEVEL control for a stable display. 

5, Turn the POSITION control and note that the trace 
moves horizontally, 

6. Turn the FINE control and note that the display can be 
precisely positioned horizontally. 

7 Check the display for one complete cycle per division. 
If necessary, adjust the front -pane I SWF CAL screwdriver 
adjustment for one complete cycle per division over the 
center 8 graticule divisions Be sure that the timing of the 
mainframe calibrator signal is accurate to within 0.25% 
(+20° to +30° C}. 

8. Press to release the VARIABLE (CAL IN) control. Turn 
the VARIABLE (CAL IN) control fully counterclockwise 
and note that the displayed sweep rate changes to at 
least the next slower TIME/DIV switch setting (i,e„ 2 
mitliseconds/division). Press the VARIABLE (CAL IN) 
knob in (to the calibrated position). 



MAGNIFIED SWEEP. Perform the following procedure 
to obtain a XI 0 magnified display and to demonstrate the 
function of the related controls; 

1 . Obtain a one cycle per division display as described in 
the preceding Normal Sweep procedure. 

2. Press to release the MAG button (XI 0). Note that the 
unmagnified display within the center division of the 
graticule is magnified to about 10 divisions. 

3. Press the MAG button (XI). 



TRIGGERING FUNCTIONS 

Perform the following procedure to obtain a triggered 
sweep and to demonstrate the functions of the related 
controls: 

1 . Obtain a display as described in the preceding Normal 
Sweep procedure. 

2. Press the AUTO MODE button and turn the LEVEL 
control fully counterclockwise to obtain a free- running 
sweep - 

3. Slowly turn the HOLD OFF control clockwise and note 
that a stable display can be obtained at several positions 
of the HOLD OFF control. Return the HOLD OFF control 
to the fully counterclockwise (MIN) position. 

NOTE 

The HOLD OFF control varies the sweep hold- 
off time which effectively changes the 
repetition-rate of the horizontal sweep signal. 
However, its primary function is to obtain a 
stable display of complex waveforms which 
are otherwise difficult to trigger. 

4. Press the AC, AC HF REJ, and DC COUPLING buttons 
for both the + and - positions of the SLOPE switch and 
check for a stable display (LEVEL control may be 
adjusted, if necessary, to obtain a stable display). 

cT 

2^5 Apply the 0.4-volt, 1 -kilohertz signal from the 

mainframe calibrator to the amplifier unit and to the EXT 
TRIG IN connector. 



6 Press the EXT SOURCE button and set the amplifier 
unit deflection factor for a 4-division display, 

7. Press the AC, AC Hf REJ, and DC COUPLING buttons 
for both the + and - positions of the SLOPE switch and 
check for a stable display (LEVEL control may be 
adjusted, if necessary, for a stable display). 

8. Press the AC COUPLING, INT SOURCE, and NORM 
MODE buttons. Adjust the LEVEL control for a stable 
display. 

9. Press the AUTO MODE button and adjust the LEVEL 
control for a free-running display. 



10 Press the NORM MODE button and check for no 
display. 

1 1 , Adjust the LEVEL control for a stable display and 
press the SINGLE SWP MODE button. 

12, Note that one trace occurs when the RESET MODE 
button is pressed. 

13, Disconnect the mainframe calibrator signal from the 
amplifier unit input and press the RESET MODE button. 
Check for no display and note that the READY indicator is 
lit. 
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14, Note that one trace occurs and that the READY 
indicator extinguishes when the mainframe calibrator 
signal is reconnected to the amplifier unit input. 



PRETRIGGER ACQUIRE CLOCK FUNCTIONS 

NOTE 

The following procedure must be performed 
with the 7B87 installed in the B horizontal 
compartment of a Tektronix 7854 
Oscilloscope . 



NOTE 

Four divisions of intensified display at t 
ms/div relates to delay- time readout of 
approximately 4 ms. 

9 Set the amplifier unit input coupling switch to off or 
ground Set the 7B87 to SINGLE SWEEP MODE and 
press the RESET pushbutton so that READY light is on, 

10. Set the 7854 to Stored CRT Display and then to 
Acquire Single-Shot Waveform Acquisition (AQS). 



1. Install the 7B87 in the 7854 Oscilloscope 8 horizontal 
compartment and install an amplifier unit in the 
mainframe left vertical compartment. Turn on 
oscilloscope power. See Tektronix 7854 Oscilloscope 
Operators Manual for detailed operating information. 

2, Set the time-base unit controls as follows: 

SLOPE (+) 

MODE . * . AUTO 

COUPLING AC 

SOURCE * 1NT 

POSITION .... Midrange 

TIME/DIV ..... 1 ms 

VARIABLE . . Calibrated (CAL IN) 

HOLDOFF .....MIN (fully counterclockwise) 

MAG XI (pushed in) 

AQS CLOCK/AQR INTERNAL 

ACQUIRE STOP DELAY. Midrang^ 

X# 

3 Set the 7854 vertical and horizontal modes to display 
the plug-in units and set WFM ACQUISITION to SCOPE. 
Set the intensity and focus for a well-defined, intensified 
display. 

4 Connect the 0.4-volt 1 -kilohertz signal from the 
mainframe calibrator to the amplifier unit input. 

5. Set the amplifier unit deflection factor for 4 divisions 
of display. 

6. Set the TRIGGERING MODE to NORM and adjust the 
LEVEL control for a stable display (TRIG'D light on) 

7. Rotate the ACGUIRE-STQP DELAY control fully 
counterclockwise. Notice that delay-time readout (located 
m the lower right-hand corner of the crt) is near 0,2 ms. 
{Zero delay time means that the acquired signal occurred 
prior to the triggering event.) 

8. Rotate the ACQUIRE -STOP DELAY control until [he 
delay-lime readout is approximately 4 ms Notice that the 
first four divisions of squarewave display are intensified 
The 4 ms intensified display relates to four divisions of 
post-trigger in the subsequent single-sweep display. 
Therefore, the remaining 6 divisions in the subsequent 
display would be pre-trigger (see Fig. 1-3). 
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Figure 1-3, Single Sweep Acquisition. 



1-5 



Operating Instructions— 7B87 



It, To trigger the single-sweep display, set the amplifier 
unit input coupling to de. Triggering occurs when the 
amplifier coupling switch is set to dc. The first six 
milliseconds of the display is pretrigger. {Noise in the 
Stored Single Sweep may be displayed at the Single 
Sweep Trigger Point as a result of the coupling switch 
contact closure.} 



ease of obtaining a triggered display. The AUTO, NORM, 
and SINGLE-SWP MODE settings may be used for 
special applications. 

AUTO. The AUTO MODE provides a triggered display 
with the correct setting of the LEVEL control whenever 
an adequate trigger signal is applied (see Trigger Level 
discussions). The TRIG'D light indicates when the display 
is triggered 



GENERAL OPERATING 
INFORMATION 

TRIGGERING SWITCH LOGIC 

The MODE, COUPLING, and SOURCE pushbuttons of the 
TRIGGERING switches are arranged in a sequence which 
places the most often used position at the top of each 
series of pushbuttons With this arrangement, a stable 
display can usually be obtained by pressing the top 
pushbuttons: P-P AUTO, AC, 1NT. When an adequate 
trigger signal is applied and the LEVEL control is correctly 
sei t the unit is triggered as indicated by the illuminated 
TRIG'D light. If the TRIG'D light is not on, the LEVEL 
control is either at a setting outside the range of the 
trigger signal applied to this unit from the vertical unit, 
the trigger signal amplitude is inadequate, or its 
frequency is below the lower frequency limit of the AC 
COUPLING switch position. If the desired display is not 
obtained with these buttons pushed in, other selections 
must be made Refer to the following discussions or the 
instruction manuals for the associated oscilloscope 
mainframe and vertical unites) for more information, x 

TRIGGERING MODES 

The MODE pushbutton switches select the mode m 
which the sweep is triggered. 



When the trigger repetition rate is outside the frequency 
range selected by the COUPLING switch or the trigger 
signal is inadequate, the sweep free runs at the rate 
indicated by the TIME/DIV switch {TRIG'D indicator off). 
An adequate trigger signal ends the free-running 
condition and a triggered display is presented. The sweep 
also free runs at the rate indicated by the TIME/DIV 
switch when the LEVEL control is at a setting outside the 
amplitude range of the trigger signal 1 his type of free- 
running display is useful when it is desired to measure 
only the peak-to-peak amplitude of a signal without 
observing the waveshape (such as bandwidth 
measurements). 



NORMAL. The 

display with the 



NORM MODE provides a triggered 
correct setting of the LEVEL control 
whenever an adequate trigger signal is applied. The 
TRIG'D light indicates when the display is triggered 

The 









normal trigger mode must be used to produce 
triggered displays with trigger repetition rates below 
about 30 hertz. When the TRIG'D light is off, no trace is 
displayed, 

SINGLE-SWEEP OPERATION. The 7B87 single-sweep 
function can be used with both digitizing and non- 
digitizing oscilloscopes. A discussion of each follows: 



P-P AUTO. The P-P AUTO MODE provides a triggered 
display at any setting of the LEVEL control whenever an 
adequate trigger signal is applied. The range of the 
LEVEL control in the P -P AUTO MODE is between 
approximately 10% and 90% of the peak-to-peak 
amplitude of the trigger signal. The LEVEL control can be 
set so that the displayed waveform starts at any point 
within this range on either slope The trigger circuits 
automatically compensate for a change in trigger signal 
amplitude. Therefore, if the LEVEL control is set to start 
the waveform display at a certain percentage point on the 
leading edge of a low-amplitude signal, it also triggers at 
the same percentage point on the leading edge of a high- 
amplitude signal, if the LEVEL control is not changed 
When the trigger repetition rate is outside the parameter 
given in the Specification section, or when the trigger 
signal is inadequate, the sweep free runs at the rate 
indicated by the TIME/DIV switch to produce a bright 
base-line, reference trace {TRIG'D light off). When an 
adequate trigger signal is again applied, the free-running 
condition ends and a triggered display is presented 

The P-P AUTO MODE is particularly useful when 
observing a series of waveforms, since it is not necessary 
to reset The LEVEL control for each observation. The P-P 
AUTO MODE is used for most applications because of the 



Non-Digitizing Oscilloscope Single Sweep. When the 
signal to be displayed is not repetitive or varies in 
amplitude, waveshape, or repetition rate, a conventional 
repetitive type display may produce an unstable 
presentation. Under these circumstances, a stable 
display can often be obtained by using the single-sweep 
feature of this unit. The single-sweep mode rs useful to 
photgraph non- repetitive or unstable displays. 

To obtain a single-sweep display of a repetitive signal, 
first obtain the best possible display in the NORM MODE. 
Then, without changing the other TRIGGERING controls, 
press the SINGLE SWP RESET button. A single trace is 
presented each time this button is pressed. Further 
sweeps cannot be presented until the SINGLE SWP 
RESET button is pressed again. If the display signal is a 
complex waveform composed of varying amplitude 
pulses, successive single sweep displays may not start at 
the same point on the waveform. To avoid confusion due 
to the crt persistence, allow the display to disappear 
before pressing the SINGLE SWP RESET button again. At 
fast sweep rates, it may be difficult to view the single- 
sweep display. The apparent trace intensity can be 
increased by reducing the ambient light level or by using 
a viewing hood as recommended in the mainframe 
instruction manual. 
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When using the single-sweep mode to photograph 
waveforms, the graticule may have to be photographed 
separately in the normal manner to prevent over 
exposing the film. Be sure the camera system is well 
protected against stray light, or operate the system in a 
darkened room. For repetitive waveforms, press the 
SINGLE SWP RESEI button only once for each waveform 
unless the signal is completely symmetrical Otherwise, 
multiple waveforms may appear on the film For random 
signals, the camera shutter can be left open until the 
signal triggers the unit. Further information on 
photographic techniques is given in the appropriate 
camera instruction manual. 



1 INTERNAL The clock is generated internally, with the 
dock frequency determined by the TIME/DIV and MAG 
settings (see Table 1-1), 

The ACQUIRE-STOP DELAY control varies the allocation 
of pretrigger and post-trigger time in the subsequent 
Stored single sweep display. The post-trigger portion is 
intensified in the real-time display and the exact time is 
displayed by CRT readout (see Fig. 1-3). 



NOTE 



Single- Sweep Acquisition Using a 7854 Oscilloscope. 

The ACO,UIRE-3TOP DELAY control and AQS CLOCK 
switches function only with the 7B87 installed in the 
7854 Oscilloscope B Horiz compartment. The 7854 
requires a sequential clock signal to acquire a single- 
sweep display this is provided by the 7B87 time-base 
unit with the AQS CLOCK/AQR clock switch in the 
INTERNAL or INI 1000 positions or externally through 
the EX1 CLOCK IN, when in the EXT/AQR position. 

Table 1-1 shows the internal clock frequencies at 
different TIME/DIV switch settings, at XI 0 MAG settings 
and at the INTERNAL and INI * 1000 settings of the AQS 
CLOCK/AQR switches. 

The AQS CLOCK/AQR switches select three clock 
operating modes 



TABLE 1-1 

TIME/DIV Setting Relationship To 
B87 Internal Acquire Clock Rep Rai 



Occasionally, when using the 7 887/ 7 854 , the first 
point of single-shot acquired {AOS} waveform will be 
displayed at the end of the trace (extreme right} and 
will appear that the waveform has made a transition 
on the last point To determine if the fast point is 
erroneous r check that the first and fast points have 
nearly the same vertical value at any setting of the 
7B8? ACQUIRE-STOP DELAY control 



2. INI + 1000 In this AQS CLOCK mode the internal 
clock frequency is divided by 1 ,000 (see Table 1 -1 ). The 
real time display is the same as the internal mode with 
the intensified zone and associated ACOUIRE-STQP 
DELAY readout corresponding to post-trigger time in the 
subsequent stored single-sweep display. 



TIME/DIV 


^ 

MAQ^ 


XI + 1000 


X10 - 1000 


XI 


XI 0 


5 s 


20 48 Hz 


204.8 Hz 


.02048 Hz 


.2048 Hz 


2 s 


51.2 Hz 


512 Hz 


.0512 Hz 


.512 Hz 


1 s 


102 4 Hz 


1024 Hz 


1024 Hz 


1 024 Hz 


.5 s 


204.8 Hz 


2 048 kHz 


.2048 Hz 


2 048 Hz 


.2 s 


512 Hz 


5.12 kHz 


.512 Hz 


5.12 Hz 


.1 s 


1.024 kHz 


10 24 kHz 


1.024 Hz 


10 24 Hz 


50 ms 


2 048 kHz 


20,48 kHz 


2.048 Hz 


20 48 Hz 


20 ms 


5.12 kHz 


51.2 kHz 


5 12 Hz 


51,2 Hz 


10 ms 


10,24 kHz 


102.4 kHz 


10.24 Hz 


102 4 Hz 


5 ms 


20,48 kHz 


204,8 kHz 


20.48 Hz 


204.8 Hz 


2 ms 


51 2 kHz 


512 kHz 


51.2 Hz 


512 Hz 


1 ms 


102.4 kHz 


1.024 MHz 


102 4 Hz 


1.024 kHz 


.5 ms 


204.8 kHz 


2.048 MHz 


204.8 Hz 


2,048 kHz 


.2 ms 


512 kHz 


5.12 MHz 


512 Hz 


5,12 kHz 


.1 ms 


1,024 MHz 


10.24 MHz 


1.024 kHz 


10.24 kHz 


50 fiS 


2048 MHz 


20,48 MHz 


2.048 kHz 


20.48 kHz 


20 pS 


5.12 MHz 




5.12 kHz 




10 fjS 


10.24 MHz 




10 24 kHz 
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The AQS stored smgle sweep display is effectively 1000 
times slower than the real-time display; however, the 
ACQUIRE-STOP DELAY time (post-trigger time) remains 
unchanged and becomes insignificant compared to the 
digitized sweep Therefore, the stored single-sweep 
display is for practical purposes all pretrigger. 



EXT TIME/DIV * 102.4 * External Clock Period 
or 

102 4 X EXT CLOCK 'FREQUENCY 



NOTE 



During single-shot acquisition with an external clock 
input the 7854 may not necessarily sample one data 
point for each dock pulse f as shown below: 



P/W {Points/ 


Clock Pulses 


Waveform) 


Required 


1024 


1 


512 


2 


256 


4 


128 


8 



NOTE 

The 7854 may not return from the acquire single- shot 
(AQS) mode if the acquire- stop occurs before the 
memory is filled once i This is most noticeable at slow 
sweep speeds , especially in the internal -5- 7 000 clock 
mode. When the 7854 AQS button is pressed the 
7854 begins to sample the waveform and fill the 
memory . The acquire-stop signal occurs at a set 
interval after the 7B87 is triggered; this interval is the 
acquire-stop delay time i // the acquire-stop is 
generated before the 7854 has filled the memory 
once (one digital sweep) the 7854 will not recognize 
it and the system will keep on digitizing. 






3 EXT/AQR (EXT CLOCK IN>— This mode connects the 
external TTL compatible clock signal, applied to the front- 
panel EXT CLOCK IN connector, to the companion 
digitizing oscilloscope mainframe (7854) 






#• 



.eP 






When the 7854 is used for non-single sweep acquisition 
(AQR), the 7B87 clock should be disabled by selecting the 
EXT/AQR pushbutton and removing any connection from 
the EXT CLOCK IN connector. This prevents the 7B87 
clock signal from interfering with the 7854 acquisition 
mode. 



The real-time display is the same as the internal mode 
with the intensified zone and associated ACQUIRE-STOP 
DELAY readout corresponding to post-trigger time in the 
subsequent stored single-sweep display. When the AQS 
(acquire single-shot) display is stored, the ACQUIRE- 
STOP DELAY time is as displayed on the readout but the 
effective TIME/DIV of the display changes at a rate 
determined by the frequency of the external clock signal. 
The resulting TIME/DIV for the stored single-sweep 
display acquired in the external clock mode can be 
determined by the following formula 



To obtain a stored single-sweep display of a repetitive 
signal with a 7854 digitizing oscilloscope, first obtain a 
real-time display (7854 set to Scope CRT Display Mode) 
in the NORM TRIGGERING MODE. Then select the 
portion of pretrigger and post-trigger desired for the 
subsequent stored single-sweep display with the 
ACQUIRE-STOP DELAY control. The displayed intensified 
zone relates to the portion of the single- sweep displayed 
after the single-sweep trigger event (post -trigger) and the 
non -intensified zone relates to the portion of single- 
sweep displayed before the single- sweep trigger event 
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occurs {pretrigger — see Fig. 1 -3). The exact amount of the 
post-trigger display is indicated by the CRT readout. 
Then, without changing other triggering controls, select 
the single-sweep mode by pressing the SINGLE SWP 
RESET pushbutton. Set the 7854 to the Stored CRT 
Display mode and to the AGS (acquire single-shot} WFM 
Acquisition mode. When the AGS button is presed, the 
7854 will respond by lighting the '"Busy" LED and 
blanking the entire screen. Arm the single-sweep 
function by pressing the SINGLE SWP RESET pushbutton 
again. After the trigger event occurs, the stored 
waveform will be displayed on screen. A single stored 
trace is displayed each time the 7854 AOS function is 
selected and the 7B87 SINGLE SWP RESET pushbutton 
is pressed. 



AC LF REJ. AC IF REJ COUPLING rejects da and 
attenuates low-frequency trigger signals below about 30 
kilohertz. Therefore, the sweep is triggered only by the 
higher-frequency components of the trigger signal This 
position is particularly useful for providing stable 
triggering if the trigger signal contains line-frequency 
components. Also, the AC LF REJ position provides the 
best alternate-mode vertical displays at fast sweep rates 
when comparing two or more unrelated signals. 



If an Error message is displayed at the bottom of the CR1, 
the 7B87 clock is running faster than the 7854 can 
digitize, and the single sweep will not be acquired. To 
remedy this error condition, select a slower TIME/DIV 
setting and re-acquire the single-sweep display until the 
Error message disappears and the single-sweep display 
is stored. If the 7854 does not return from the "Busy” 
state or if it is desired to abort the AGS before the trigger 
event has occurred, press Stop Ext Acquire button on the 
7854 rear panel. 



TRIGGER COUPLING 



*8 



•v 



c/ 






The TRIGGERING COUPLING pushbuttons select the 
method in which the trigger signal is connected to the 
trigger circuits. Each position permits selection or 
rejection of some frequency components of the signal 
which triggers the sweep 



AC HF REJ. AC HF REJ COUPLING passes all low- 
frequency signals between about 30 hertz and 50 
kilohertz Dc is rejected and signals outside the above 
range are attenuated. When triggering from complex 
waveforms, this position is useful to provide a stable 
display of the low-frequency components. 



DC. DC COUPLING can be used to provide stable 
triggering from tow-frequency signals which would be 
attenuated in other COUPLING switch positions. DC 
COUPLING can be used to trigger the sweep when the 
trigger signal reaches a dc level set by the LEVEL control 
c When using internal triggering, the setting of the vertical 
unit position control affects the triggering point. 



TRIGGER SOURCE 

The TRIGGERING SOURCE pushbuttons select the 
source of the trigger signal which is connected to the 
trigger circuits 



& 



AC, AC COUPLING blocks the dc component of the 
trigger signal. Signals with low-frequency components 
below about 30 hertz are attenuated. In genera!, AC 
COUPLING can be used for most applications. However, 
if the signal contains unwanted frequency components or 
if the sweep is to be triggered at a low repetition rate or a 
dc level, one of the other COUPLING switch positions will 
provide a better display. 



INTERNAL, The IN T position causes the 7B87 to trigger 
on [he trigger signal from the vertical plug-in untt. 
Further selection of the internal trigger signal may be 
provided by the vertical plug-in unit or by the mainframe; 
see the instruction manuals for these instruments for 
more information. For most applications, the internal 
source can be used. However, some applications require 
special triggering which cannot be obtained in the INI 
position In such cases, the LINE or EXT positions of the 
SOURCE switches must be used. 
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Figure 1-4. Effect of LEVEL control and SLOPE switch on crt display. 
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LINE. The LINE position connects a sample of the power - 
line voltage from the mainframe to the trigger circuit. 
Line triggering is useful when the input signal is lime 
related {multiple or submultiple) to the line frequency It 
is also useful for providing a stable display of a line 
frequency component in a complex waveform. 

EXTERNAL. The EXT position connects the signal from 
the EXT TRIG IN connector to the trigger circuit The 
external signal must be time-related to the displayed 
waveform for a stable display. An external trigger signal 
can be used to provide a triggered display when the 
internal signal is either loo tow in amplitude for correct 
triggering or contains signal components on which 
triggering is not desired. It is also useful when signal 
tracing in amplifiers, phase-shift networks, wave shaping 
circuits, etc. The signal from a single point in the circuit 
can be connected to the EXT TRIG IN connector through a 
probe or cable. The sweep is then triggered by the same 
signal at all times and allows amplitude, time 
relationship, or waveshape changes of signals at various 
points in the circuit to be examined without resetting the 
TRIGGERING controls. 

The + TO pushbutton attenuates the external trigger 
signal by a factor of 10 Attenuation of high-amplitude 
external trigger signals is desirable to increase the 
effective range of the LEVEL control. 



be in the calibrated position and the MAG switch set to 
XI to obtain the sweep rate indicated by the TIME/DIV 
switch However, the mainframe CRT readout wdl display 
the appropriate sweep rate. 

The VARIABLE TIME/DIV control includes a two-position 
switch to determine if the sweep rate is calibrated, or 
uncalibrated. When the VARIABLE control is pressed in, 
it is inoperative and the sweep rate is calibrated When 
pressed and released outward, the VARIABLE control is 
activated for uncalibrated sweep rates, to at least the 
sweep rate of the next slower position. 

A calibrated sweep rate can be obtained in any position 
of the VARIABLE control by pressing the VARIABLE 
control, This feature is particularly useful when a specific 
uncalibrated sweep rate has been obtained and it is 
desired to switch between calibrated and uncalibrated 
displays, 

TIME MEASUREMENT 

When making time measurements from the graticule, the 
area between the second and tenth vertical lines of the 
graticule provides the most linear time measurements 
(see Fig. 1 -5). Position the start of the timing area to the 
second vertical line and adjust the TIME/DIV switch so 
the end of the timing area falls between the second and 
tenth vertical lines. 



TRIGGER SLOPE 






The TRIGGERING SLOPE switch (concentric with the 
TRIGGERING LEVEL control) determines whether the. 
trigger circuit responds on the positive- or negative-going 
portion of the trigger signal When the SLOPE switch is 
in the (+) (positive going) position, the display starts on 
the positive going portion of the waveform (see Fig. 1-4) 
When several cycles of a signal appear in the display, the 
setting of the SLOPE switch is often unimportant. 
However, d only a certain portion of a cycle is to be 
displayed, correct setting of the SLOPE switch is 
necessary to provide a display that starts on the desired 
slope of the input signal. 



TRIGGER LEVEL 

The TRIGGERING LEVEL control determines the voltage 
level on the trigger signal at which the sweep is 
triggered When the LEVEL control is set in the + region, 
the trigger circuit responds at a more positive point on 
the trigger signal. When the LEVEL control is set in the - 
region, the trigger circuit responds at a more negative 
point on the trigger signal Figure 1-4 illustrates this 
effect with different settings of the SLOPE switch. 
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To set the LEVEL control, first select the TRIGGERING 
MODE, COUPLING, SOURCE, and SLOPE, Then set the 
LEVEL control fully counterclockwise and rotate it 
clockwise until the display starts at the desired point. 



Figure 1-5 Area of graticule used for most accurate time 
measurements. 



HORIZONTAL SWEEP RATES 

The TIME/DIV switch provides calibrated sweep rates 
from 5 seconds/division to 10 nanoseconds/division in a 
1-2-5 sequence The VARIABLE TIME/DIV control must 



SWEEP MAGNIFICATION 

The sweep magnifier can be used to expand the display 
by a factor of 10, The center division of the unmagnified 
display is the portion visible on the crt in the magnified 
form (see Fig 1-6), The equivalent length of the 



REV A MAR 1981 



1-11 



Operating Instructions -7B87 




Figure 1-6 Operation of sweep magnifier. 



magnified sweep is more than 100 divisions; any 10- 
division portion can be viewed by adjusting the POSITION 
and FINE POSITION controls to bring the desired portion 
into the viewing area. 

When the MAG switch is set to XI 0 (OUT), the 
equivalent magnified sweep rate can be determined by 
dividing the TIME/DIV setting by 10; the equivalent 
magnified sweep rate is displayed on the crt readout. 



VARIABLE HOLD OFF 

The HOLD OFF control improves triggering stability on 
repetitive complex waveforms by effectively changing the 
repetition rate of the horizontal sweep signal. The HOLD 
OFF control should normally be set to its minimum 
setting. When a stable display cannot be obtained with 
the TRIGGERING LEVEL control the HOLD OFF control 
can be varied for an improved display. If a stable display 
cannot be obtained at any setting of the LEVEL and HOLD 
OFF controls, check the TRIGGERING COUPLING and 
SOURCE switch settings. 



MAINFRAME OPERATING MODES 

The time base unit can be operated either as an 
independent time base in any Tektronix 7700-, 7800-, or 
7900- series oscilloscope mainframe, or as a delayed- 
sweep unit in those mainframes that have two horizontal 
compartments. A companion delaying time-base unit is 
required for delayed -sweep operation Refer to the 
delaying time-base unit instruction manual for additional 
information. 



APPLICATIONS 



The following information describes procedures and techniques for making basic time measurements with the time-base 
unit installed in a Tektronix 7700-, 7800-, or 7900‘Series oscilloscope. These procedures provide enough detail to enable 
the operator to adapt them to other related time measurements. Contact your Tektronix Field Office or representative for 
assistance in making measurements that are not described in this manual. 



TIME INTERVAL MEASUREMENTS 

Since the sweep rate and the horizontal distance {in 
divisions) that the sweep travels across the graticule in a 
calibrated- sweep oscilloscope system is a function of 
time, the time interval between any two points on a 
waveform can be accurately measured. The following 
procedures provide methods to measure some of the 
more common time-related definable characteristics of a 
waveform such as period, frequency, rise time, fall time, 
and pulse width. The procedure for each of these 
measurements is essentially the same, except for the 
points between which the measurements are made The 
time interval between any two selected points on a 
displayed waveform can be measured with basically the 
same technique 



PERIOD AND FREQUENCY MEASUREMENTS 

Perform the following procedure to measure the period 
and determine the frequency of a displayed waveform: 

1. Install the time-base unit in a mainframe horizontal 
compartment (either A or 8 Horiz in a four-compartment 
mainframe). 

2. Connect the signal to be measured to the vertical unit 
input. 

3. Set the mainframe Horizontal and Vertical Mode 
switches to display the time base and vertical units, 
(Check that the time base VARIABLE (CAL IN) control is 
pushed in and the HOLD OFF control is in the MIN 
position.) 
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4. Set the TRIGGERING switches and LEVEL control for a 
stable display (see General Operating Information for 
selecting proper triggering). 

5. Set the vertical deflection factor and position control 
for about a 5-division display, vertically centered on the 
graticule. 



Example: Assume that the period of the displayed 

waveform is 0,7 millisecond. 

Using the formula: 

Frequency = 



6- Set the TIME/DIV switch and POSITION control for 1 
complete cycle displayed within the center 8 graticule 
divisions as shown in Figure 1-7, 

7. Measure the horizontal distance in divisions over 1 
complete cycle of the displayed waveform (see Fig. 1 -7). 

8. Multiply the horizontal distance measured in step 7 by 
the TIME/DIV switch setting. (Divide the answer by 10 if 
sweep magnification is used.) 

Example: Assume that the horizontal distance over 1 

complete cycle is 7 divisions, and the TIME/DIV switch 
setting is 0.1 ms (see Fig. 1-7). 

Using the formula: 



Substituting values: 

Frequency - ^ -} - - = 1.43 kilohertz 
H 1 0.7 ms 

RISE-TIME AND FALL-TIME MEASUREMENTS 

Perform the following procedure to measure the rise time 
and fall time of a displayed waveform: 

1. Install the time-base unit in a mainframe horizontal 
compartment (either A or B Horiz in a four-compartment 
mainframe) 

2, Connect the signal to be measured to the vertical unit 
input. 



Period = 



Horizontal distance 
(divisions) 



Magnification 



TIME/DIV 

setting 



Substituting values: 



Period - 



■“= 0.7 millisecond 



xS 









3. Set the mainframe Horizontal and Vertical Mode 
switches to display the time base and the vertical unit, 
(Check that the time base VARIABLE (CAL IN) control is 
pushed in and the HOLD OFF control is in the MIN 
^ position.) 






9 Determine the frequency of the displayed waveform 
obtained in steps 1 through 8 by taking the reciprocal of 
the period of 1 cycle 



4 Set the TRIGGERING switches and LEVEL control for a 
stable display (see General Operating Information for 
selecting proper triggering), 

5. Set the vertical deflection factor and position control 
for a vertically-centered display with an exact number of 
divisions of amplitude. 




Figure 1-7. Measuring the period and determining the 
frequency of a displayed waveform. 



6 Set the TIME/DIV switch and POSITION control to 
display the rising or falling portion of the waveform 
within the center 8 graticule divisions as shown in Figure 
1 -8 (see General Operating Information in this section for 
discussion of timing measurment accuracy), 

7 Determine rise time or fall time by measuring the 
horizontal distance in divisions between the point on the 
rising or falling portion of the waveform that is 10% and 
the point that is 90% of the total display amplitude (see 
Fig. 1-8). 



NOTE 

/he /eft edge of the oscilloscope graticule is 
scribed with 0 , W , 90, and 100% fines for 
convenience when measuring rise time or fat / 
time. To use this feature, adjust the vertical 
deflection factor and position control to fit the 
display between the 0 and 100% graticule 
fines. Then measure the horizontal distance 
between the points where the waveform 
crosses the 10% and 90% graticule lines. 
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PULSE WIDTH MEASUREMENTS 

Perform the following procedure to measure the pulse 
width of a displayed waveform; 

1 Install the time-base unit rn a mainframe horizontal 
compartment (either A or B Horiz in a four-compartment 
mainframe). 

2 Connect the signal to be measured to the vertical unit 
input. 

3. Set the mainframe horizontal- and vertical-mode 
switches to display the time base and vertical unit 
(Check that the lime base VARIABLE (CAL IN) control is 
pushed in and the HOLD OFF control *s in the MIN 
position ) 

4 Set the TRIGGERING switches and LEVEL control for a 
stable display (see General Operating Information for 
selecting proper triggering). 

5. Set the vertical deflection factor and position control 
for about a 5-division pulse, vertically centered on the 
graticule. 

6. Set the NME/DIV switch and POSITION control for 1 
complete pulse displayed within the center 8 graticule 
divisions as shown in Figure 1-9, 

J- 

7 Measure the horizontal distance in divisions between 
the 50% amplitude points of the displayed pulse (see Fig 
1-9). 

8 Multiply the horizontal distance measured in step 7 by 
the TIME/DIV switch setting, (Divide the answer by 10 if 
Sweep magnification is used). 



Figure 1-8. Measuring the rise time and fall time of a 
displayed waveform. 



8, Multiply the horizontal distance measured in step 7 by 
the TIME' DIV switch setting. (Divide the answer by 10 if 
sweep magnification is used.) 

Example: Assume that the horizontal distance from the 
10 to 90% points is 2.. 5 divisions and the TIME/DIV 
switch setting ts 1 fJS (see Fig 1-8). 



Using the formula: 



Rise Time 



Horizontal distance x TIME/DIV 
(divisions) setting 

Magnification 



PULSE WIDTH 




MEASURE HORIZONTAL DISTANCE FROM 



Substituting values; 



C198& w 



2 5 

Rise Time =-— 



x 0.1 

I 



fJS _ 



0.25 microsecond 



Figure 1-9, Measuring the pulse width of a displayed 
wa veform. 
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Example: Assume that the horizontal distance between 
the 50% amplitude points is 3 divisions, and the 
TIME/DIV switch setting is 0.1 ms (see Fig, 1-9). 



Using the formula. 



Puise Width = 



Horizontal distance x TIME/DIV 

(divisions) sett ing 

Magnification 



Substituting values: 

Pulse Width = ^ x 0.1 ms , q 3 m iJliseco n d 
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SPECIFICATION 



This instrument will meet the electrical characteristics listed in Table 2-1, following complete adjustment The following 
electrical characteristics apply over an ambrent temperature range of 0° to +50° C, except as otherwise indicated 
Warmup time for given accuracy is 20 minutes 



TABLE 2-1 

Electrical Characteristics 



Characteristic 



^ Performance Requirement 

SWEEP GENERATOR 



Sweep Pates 

Calibrated Range 


5 s/div to 10 ns/div in 27 steps. XI 0 Magnifier extends 
fastest calibrated sweep rate to 1 ns/div 


Variable Range 


Continuously variable uncalibrated sweep rate to at least 
2,5 times the calibrated sweep rate setting 


Sweep Accuracy 1 (With 7700, 7800, or 
7900-Series Mainframes! 


With SWP CAL adjusted at 1 ms/div within the temperature 
range afh *20° to +30° C to a timing reference of 0.25% or 
better. 


Over Center 8 Div 
5 s/Div to 1 s/Dtv 


+15° to +35° C 

er 


0° to +50° C 


Unmag 


Mag 


Unmag 


Mag 


4.0% 




5,0% 


6.0% 


0.5 s/Div to 0.1 ^s/Div 


1.5% 


2.5% 


2.5% 


3 5% 


50 ns/Div to 10 ns/D*v 


2.5% 


4.0% 


3.5% 


5,0% 


Excluded Portions of Sweep 
Start of Sweep 


First 10 ns in 7100 r 7800, and 7900-series mainframes 

First 20 ns in 7700-series mainframes 

First 50 ns in all other 7000-senes mainframes 


End of Sweep 


Beyond 10^ div unmagntfied. 
Beyond 100 !n div magnified 


Sweep Length (Unmagnified! 


At least 10 2 div at all sweep rates, 


MAG Registration 


0 5 div or less from graticule center when changing from 
MAG XI 0 to MAG XI 


Position Range 

POSITION Controls Fully Clockwise 


Start of sweep must be to the right of graticule center at 
1 ms/div. 


POSITION Controls Fully Counterclockwise 


End of sweep must be to the left of graticule center at 
1 ms/div, 



'The fa*tesl calibrated iwsep rate is limited by soma mainframes. 
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TABLE 2-1 fCONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


SWEEP 


GENERATOR (CONT) 


Trigger Holdoff Time 




Minimum Holdoff Setting 




5 s/Div to 1 //s/Div 


2 times TIME/DIV setting or less 


0.5 fj / Div to 10 ns/Div 


2.0 jrs or less 


Variable Holdoff Range 


Extends holdoff time through at least 2 sweep lengths for 
sweep rates of 20 ms/div or faster. 



TRIGGERING 



Triggering Sensitivity from Repetitive Signal 
(Auto, Norm and Single Sweep Modes) 

Coupling 

AC 


Triggering 

Frequency 

Range 2 


Minimum Triggering 
Signal Required 


Internal 


External 


30 Hz to 50 MHz 
50 MHz to 400 MHz 


0.3 div 
1.5 div 


50 mV 
250 mV 


AC LF REJ 3 


30 kHz to 50 MHz 
50 MHz to 400 MHz 




0,3 div 
1 .5 div 


50 mV 
250 mV 


AC HF REJ 


30 Hz to 50 kHz 


0.3 div 


50 mV 


DC 4 


Dc to 50 MHz 

50 MHz to 400 MHz 

y 


0.3 div 
1.5 div 


50 mV 
250 mV 


Internal Trigger Jitter 


0.1 ns or less at 400 MHz 


External Trigger Input 
Maximum Input Voltage 


250 V (dc plus peak ae). 


Input R and C 


1 MO within 5%, 20 pF within 10%. 


Level Range (Excluding P-P AUTO) 


(Checked on 1 kHz sine wave.) 


EXT - } 


At least + and -1.5 volts. 


EXT * 10 


At least + and -15 volts 


P-P AUTO Operation Sensitivity (AC or 
DC Coupling) 


Triggering 

Frequency 

Range 


Minimum Triggering 
Signal Required 


Internal 


External 


200 Hz to 50 MHz 


0.5 div 


125 mV 


50 MHz to 400 MHz 


1 .5 div 


375 mV 


Low Frequency Response 


At least 50 Hz 


2 0 div 


500 mV 



J The triggering frequency ranges given here are limited to the *3 dB frequency of the oscilloscope vertical system (mainframe and amplifier unit) 
when operating from an internal source. 

"Will not trigger on sine waves at or below 60 Hz when amplitudes are less than 8 divisions internal or 3 volts external. 

'The Triggering Frequency Range for DC COUPLING applies To frequencies above 30 Hi when operating in the AUTO TRIGGERING MODE 
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Characteristic 


Performance Requirement 


PRETRIGGER ACQUIRE CLOCK 


Internal Acquire (AQSJ Clock Frequency 


20,48 mHz (milfihertz) to 20.48 MHz as determined by 
the T1ME/DIV XI 0 MAG, and INT * 1000 switches. 


Accuracy (INTERNAL and INT + 1000) 


0,1% 


Range 

INTERNAL (XI MAG) 


18 steps in a 1 *2-5 sequence from 20.48 Hz to 10 24 MHz. 


INTERNAL (X10 MAG) 


XtO magnifier increases frequency by a factor of 10 to 
a maximum of 20 48 MHz (16 steps to 50 /is/Div setting). 


INT ■* 1000 (XI MAG) 


18 steps in a 1-2-5 sequence from 20.48 mHz (millihertz) 
to 10.24 kHz. 


INT + 1000 (X10 MAG) 


XI 0 magnifier increases frequency by a factor of 10 to 
a maximum of 20 48 kHz (16 steps to 50 */s/Div setting). 


External Clock Input (EXT/AGR) 


Front-panel bnc connector 


Maximum Input Voltage 


5 V pk 


Input Characteristic 


100 kQ within 5% 

rv . 


Threshold Voltage 


TTL compatible 

^ _ 


Maximum Input Frequency 


m MHz, 


BNC to Interface Delay 


0.5 //$ or less. 


Acquire Stop Delay 
Range 


0.2 or less to at least 9.9 times TIMF'DIV setting 


Jitter {5 s/div to 10 /js/div) 


002% of TIME/OIV setting or less 


Delay Accuracy (+15° C to +35° C) 
0.5 s/Div to 10 ps/Div 


Within 0.5% of measurement plus 5% of TIME/DIV setting 



TABLE 2-2 

Mainframe Horizontal Compatibility 



Mainframe 


Operating 

Conditions 


Symptom 


Cause 


7844 


When the B Horizontal 
compartment is displayed 
by both Beam 1 and 
Beam 2, a 7B87 in the 
A Horizontal compartment 
will terminate the 
B sweep display at the 
end of the A sweep. 


The 0 sweep display may 
be shortened or disappear 
as determined by the 7B87 
ACQUIRE-STGP DELAY 
control 


7000-Series Mainframes with 
four plug m compartments have 
interface connection A16 HI 
in the A Horizontal compartment 
and A1 6 LO in the B Horizontal 
compartment In the 7844. the 
state of A16 is switchable 
as determined by the selection 
of Beam 1 or Beam 2 display 


7844 

Option 21 




Fully Compatible 
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TABLE 2-3 

Environmental Characteristics 



Refer to the Specification section of the associated mainframe manual. 



TABLE 2-4 

Physical Characteristics 



Characteristic 


Information 


Net Weight 


Approximately 2.6 pounds (1.2 kilogram). 


Dimensions 


See Figure 2-1. dimensional drawing. 
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Figure 2-1. 7887 dimensional drawing 
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THEORY OF OPERATION 

This section of the manual describes the circuitry used in the 7B87 Time- Base. The description begins with a discussion 
of the instrument, using the block diagram shown in Figure 3-1. Next, each circuit is described in detail with a block 
diagram provided to show the major interconnections between circuits, and the relationship of the front-panel controls to 
each circuit. Detailed schematic diagrams of each circuit are located in the diagrams foldout section at the back of this 
manual Refer to these diagrams throughout the following discussions for specific electrical values and relationships. 



BLOCK DIAGRAM DESCRIPTION 



The following discussion is provided to aid in understanding the overall concept of the 7B87 before the individual circuits 
are discussed in detail A basic block diagram is shown in Figure 3-1 . The numbered diamond in each block refers to the 
corresponding circuit diagram at the rear of this manual. 



TRIGGER GENERATOR 

The Trigger Generator provides a stable crt display by 
starting each sweep at the same point on the waveform. 
Circuitry is included for selection of rnggenmode, 
coupling, and source. The output of the Trigger Generator 
is a fa st -rise gate which enables the Sweep Generator. 



SWEEP GENERATOR 



The sweep sawtooth signal is initiated when the Trigger 
Generator output is applied to the Sweep Generator The 
rate of change (slope) of the sawtooth signal is 
determined by the TIME/DIV switch setting. The 
sawtooth signal provides horizontal deflection for the 
mainframe (oscilloscope) and is used by the Pickoff 
Amplifier and the Delay Gate Generator in the 7087 The 
Sweep Generator also generates a Sweep Gate pulse 
which unblanks the mainframe crt. 

PICKOFF AMPLIFIER AND DELAY 
GATE GENERATOR 



/ 



determines where the intensified zone ends. The Delay 
Gate signal enables the companion delayed time-base 
unit. 

LOGIC 

The Logic circuit determines the acquire mode (acquire 
single -shot, AQS; or acquire repetitive, AQR} of the 
7B87 The 7887 can operate independently or as a 
delayed time base. The Logic circuit also determines the 
trigger mode and generates the holdoff signal for the 
mainframe 

DIGITAL VOLTMETER 

The Digital Voltmeter circuit converts the delay 
comparison voltage, from the ACGUIRE-STQP DELAY 
control, to a calibrated delay time readout on the crt. The 
readout indicates the time between the start of the 
sweep and the end of the intensified zone. 

CLOCK GENERATOR 



The Pickoff Amplifier and Delay Gate Generator circuits 
produce a delay gate when the sawtooth signal from the 
sweep generator reaches the level set by the ACQUIRE- 
STOP DELAY control. The ACQUIRE -STOP DELAY control 



The Clock Generator produces three signals for the 
mainframe; (1) the Clock pulse, (2) the channel 1 Row 
Data for the 7864 mainframe, and (3) the Aux Z Axis 
signal which intensifies the display 



DETAILED CIRCUIT DESCRIPTION 



The operation of circuits unique to this instrument is described in detail m this discussion. Circuits commonly used in the 
electronics industry are not described in detail. 

The following circuit analysis, with supporting illustrations, names the individual stages and shows how they are 
connected to form major circuits. These illustrations show the inputs and outputs for each circuit and the relationship of 
the front-panel controls to the individual stages. The detailed circuit diagrams from which the illustrations are derived 
are shown in the Diagrams section. 
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Figure 3-1. Basic block diagram of the 7887 Delaying Time Base Unit, 
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FRONT-PANEL DISTRIBUTION 

The Front-Panel Distribution diagram shows the 
interconnections between front-panel functions (controls, 
connectors, and indicators) and circuit boards in the 
7B87. 



A sample of the line voltage is connected to the trigger 
circuits via interface connector pin A4 The line signal 
connects to the Trigger Source Selector and Amplifier 
stage at U65 pin 2. 

TRIGGER SOURCE SELECTOR AND AMPLIFIER 

The Trigger Source Selector and Amplifier stage (partial 
U65) selects the triggering signal source from the signal 
being displayed (I NTT, an external source (EXT), or a 
sample of the power line voltage (LINE). 



0 

TRIGGER GENERATOR 



The trigger source is selected by SOURCE switch S50 
The voltage offset from LEVEL control R60 is coupled to 
U65 pin 10. The differential trigger output signal from 
U65 pins 16 and 1 7 is coupled to the Slope Selector and 
Trigger Generator stage (U85) 



The Trigger Generator provides a stable display by 
starting the Sweep Generator (diagram 4) at a selected 
point on the input waveform. The triggering point can be 
varied by the LEVEL control and may occur on either the 
positive or negative slope of the waveform. The triggering 
signal source may come from the signal being displayed 
(INT), and external source (EXT), or a sample of the 
power-line voltage (LINE). Figure 3-2 is a block diagram 
of the Trigger Generator. 



EXTERNAL SOURCE 

The external trigger signal is connected to the Trigger 
Generator through EXT TRIG IN connector J2. When 
released, push-button switch S10 provides 10 times 
attenuation of the external trigger input signal. 

•\v 



High-frequency reject coupling is provided in the Trigger 
Source Selector stage, When the AC HF REJ push button 
is pressed, R68, C68 and components internal to U65 pin 
9 form a high-frequency rejection filter. Only low- 
frequency ac triggering signals are accepted 

PEAK-TO-PEAK AUTO 

The Peak-to-Peak Auto function can be divided into 3 
distinct blocks. First, the Peak Detector determines signal 
Size and dc positioning Second, a DC Centering loop 
centers the peak-detected output regardless of the dc 
input and off-set voltages. Third, the Peak-to-Peak Level 
Range output voltage is automatically adjusted until the 
trigger output reaches the clamp level set by the 
Automatic Gain Control to achieve full level range (refer 
to the Specification section in this manual for level range 
parameters). 






When SOURCE switch (S50) is set to EXT and the 
COUPLING control set to AC, external signals below 
approximately 1 6 kilohertz are coupled through R1 5, Cl 5 
and R20 to Q22. Triggering signals above 1 6 kilohertz are 
coupled through C20 to the gate of Q22A. 

Field-effect transistors Q22A and Q22B form a unity-gain 
source follower, which couples the external trigger signal 
to the Trigger Source Selector and Amplifier stage (U65 
pin 4). Diodes CR23 and CR24 protect the input by 
clamping it within a diode drop of ground (approximately 
0,7 volt). 



INTERNAL AND LINE SOURCE 

The internal trigger signal from the vertical channel(s) of 
the mainframe is connected to the Internal Trigger 
Amplifier stage (U35) differentially via interface 
connector pins A20 and B20. 



Peak Detector 

The peak detector outputs from U65 pins 14 and 15, 
rectified within U65, are externally filtered by C73 and 
C74. Secondary stages of peak detection for the positive 
and negative detector signals are provided by U75A- 
CR71-C72 and U75B CR75-C76. Outputs from the Peak 
Detector stage are coupled to the Peak-to-Peak Level 
Range and DC Centering stages. 

DC Centering 

Operational amplifier U55B adjusts the input level at U65 
pin 10 to null the dc input voltage and accumulated dc 
offsets This allows the trigger outputs at U65 pins 16 
and 17 to balance when LEVEL control R60 is set to zero. 
DC Balance adjustment R85 provides centering for offset 
voltages due to U85 

Peak-to-Peak Level Range 



Internal trigger signals with frequencies above 1 6 

kilohertz are coupled through C37 directly into the 
Trigger Source Selector and Amplifier stage (U65 pin 8). 
Internal trigger signals with frequencies below 1 $ 

kilohertz are coupled differentially through R31 and R33 
to U35 pins 2 and 3. The single-ended output at U35 pin 
6 is coupled, along with the offset from LEVEL control 
R60, to U65 pin 10. Ac coupling is provided by C43 



The Peak-to Peak Level Range stage amplifies the peak 
Detector signals to provide constant-amplitude trigger 
signals and to establish the range of the front -panel 
LEVEL control Peak Detector signal amplitude depends 
on triggering (input) signal amplitude. 

Peak Detector signals from R58-R 59 are coupled to U55A 
pm 3 of the Peak to-Peak Level Range stage. The gain of 
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Figure 3-2 Detailed block diagram of Trigger Generator. 
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the feedback amplifier (consisting of U55A and pins 1 
and 20 of U65) increases as the Peak Detector signal 
amplitude is reduced, thereby producing a constant 
trigger signal level at U65 pms 16 and 17. 

Ihe range of the front-panel LEVEL control is zero at 
minimum triggering signal amplitude. The LEVEL range 
increases as triggering signal amplitude increases, until 
it reaches maximum level range at the Automatic Gain 
Control threshold. Refer to the Specification section m 
this manual for triggering sensitivity and triggering 
LEVEL range parameters. 



Automatic Gain Control 

The Automatic Gam Control stage limits the trigger 
signal amplitude to approximately 450 millivolts peak-to- 
peak (at U65 pins 16 and 17) regardless of the trigger 
input signal amplitude. The level of the peak-detected 
signal from R58-59 is sensed by a feedback amplifier 
stage {U55A and pins 1 and 20 of U65). When the peak 
detected signal is above the Automatic Gain Control 
threshold (resulting from approximately 2 divisions of 
internal trigger signal or approximately 50 millivolts of 
external trigger signal), the Automatic Gain Control stage 
limits the output trigger signal amplitude at U65 pins 16 
and 17. Current into U65 pin 3 (established by R51) 
determines the current reference that sets the Automatic 
Gam Control threshold. 



SLOPE SELECTOR AND TRIGGER GENERATOR 

Integrated circuit U85 converts the differential trigger 
signal from the Trigger Source Selector and Amplifier 
block to a differential gate waveform for use by the Gate 
Generator stage. 

SLOPE switch S60 is connected to U85 pin 1 to 
determine whether the trigger occurs on the positive- or 
negative-going slope. When the SLOPE switch is set to +, 
a positive going signal on pin 13 produces a positive- 
going gate on pin 3 and a negative going gate on pin 4. 
When the SLOPE switch is set to - a negative-going 
signal on pin 13 produces a positive-going gate on pin 3 
and a negative-going gate on pin 4, Slope Balance 
adjustment R80 provides optimum input balance for both 
+ and ~ SLOPE operation 

The Delay Mode In signal (to U85 pin 16) functions only 
when the unit is operating as a delayed sweep in the B 
Horizontal compartment of a mainframe with 2 horizontal 
compartments. When the unit is operating in the 
“independent'' or "triggerable after delay" modes (as 
determined by the delaying sweep timebase unit in the 
A horizontal compartment), there is no effect on the 
Trigger Generator circuits. However, when the unit is 
operating in the “B starts after delay" mode, a high level 
at U85 pin 1 6 supplies a trigger gate pulse to U85 pins 3 
and 4 in the absence of a trigger disable pulse at the 
emitter of G242. 

At the end of each sweep, the Logic circuits (diagram 3) 
supply a trigger disable pulse through Q242 to U85 pins 



6 and 10 A high level disables the Trigger Generator to 
allow enough time for the sweep generator to stabilize 
before another trigger pulse starts the next sweep. 



GATE GENERATOR 

The Gate Generator stage provides an auto enable gate 
and Z-axis gate (unblankmg) to the Sweep Generator 
circuit (diagram 4). Figure 3-3 shows the timing of the 
Gate Generator Functions. 

When an adequate trigger signal is applied to U85 pins 
13 and 14, it produces high and low levels, respectively, 
at its pin 3 and pin 4 outputs. 

I he high level from U85 pin 3 is coupled through emitter 
follower Q88 and J200-2 into the Logic circuit (diagram 
3} to indicate that a triggering signal has been received. 
The Logic circuit (diagram 3) sets the Auto Sense line at 
J200-3 high, turning off G98 Simultaneously, the low 
level at U85 pin 4 gates comparator Q96-Q92, The 
collector of Q92 rises high to provide a Sweep Start Gate 
at J200-5 and the collector of Q96 falls low to provide a 
Z-Axis Gate (unblanking) at J20O-4, 

In the absence of a trigger output at UBS pins 1 3 and 14, 
pin 3 is set low and pin 4 is set high. The low level from 
U85 pin 3 is coupled through J200-2 to the Logic circuit 
(diagram 3) to indicate the lack of a triggering signal The 
Logic circuit provides a low-level Auto Sense pulse 
through J200-3 to the base of Q98. The low level gates 
the comparator (G98 and G96). The collector of G98 of 
Q96 falls low to provide a Z-Axis Gate (unblanking) at 
J 200-4, 
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LOGIC 

The Logic circuit controls the sweep modes and 
associated functions of the time-base unit (eg , sweep 
display, hold off, auto sweep, single sweep, etc ). The 
Logic circuit also generates control signals for the 
mainframe. Figure 3-4 is a block diagram for the Logic 
circuit. 



SWEEP MODES 

Integrated circuit U220 controls the Norm, Auto, and 
Single Sweep Modes and also generates control signals. 
P-P Auto operation is described in the Trigger Generator 
circuit description (diagram 2), 



Normal Mode 

The Norm Mode is provided when U220 pin 12 is low. In 
the Norm Mode, only an appropriate trigger signal can 
initiate a sweep gate to the Sweep Generator (diagram 
4). Sweep Control integrated circuit U220 controls sweep 
lockout and hold-off functions. 



3-5 



Theory of Operation— 7B87 



GATE 
U35 PIN 3 
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AUTO ENABLE 
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Figure 3-3. Timing diagram for Gate Generator stage (Q92, G96. G98). 



Auto Mode 

The Auto Control stage produces a free-running 
reference trace (bright base line) in the absence of a 
trigger signal, 

A high level from MODE switch S230 is inverted by 
Q230 to set U220 pin 19 low, which selects AUTO 
MODE operation. In the presence of a trigger pulse from 
the Trigger Generator (diagram 2). a high level at U220 
pm 1 discharges the auto stage which inhibits the Auto 
Sense signal from U220 pin 3. In the absence of a trigger 
pulse, the iow level at U220 pin 1 enables the Auto 
Control stage. After a time delay determined by R228, 
C223, and circuitry internal to U220 pin 6, an Auto 
Sense signal is initiated from U220 pin 3 to the Trigger 
Generator (diagram 2), 



Single Sweep Mode 

Single Sweep operation provides display of only one 
sweep After one sweep has run the sweep is inhibited 
until the SINGLE SWP RESET button is pressed. The 
READY light indicates that the sweep is ready to accept a 
trigger. 



After completion of one sweep, the Holdoff Start pulse at 
U 2 20 pin 16 causes the Swp Disable Out at pin 17 to rise 
high A high level at U220 pin 12 initiates single sweep 
operation and holds the sweep disable out at U220 pm 
1 7 after completion of the sweep Momentary contact of 
the RESET push button places a low at U220 pins 14 and 
15, which removes the sweep disable out from pin 17 
and allows the Sweep Generator (diagram 4) to accept a 
trigger Interface connector 615 provides a remote 
Single-Sweep Reset input from compatible mainframes. 

HOLD OFF TIMING 

The hold off stages prevent the Sweep Generator 
(diagram 4 from being retriggered until the sweep timing 
capacitors are discharged 

At the end of each sawtooth waveform from the Sweep 
Generator (diagram 4), a Holdoff Start pulse (high) is 
coupled to U22G pin 16. This pulse enables the hold off 
timing circuits at U220 pin 8 r which sets the sweep 
disable out at U220 pm 17 high and the Hold Off signal 
at pm 10 low for the duration of the hold-off cycle Hold 
off timing (U220 pm 8) is provided by capacitors C21T 
through C215, and resistors R212 through R214 
Transistors Q203 and 0204 prevent the Swp Disable Out 
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pulse at U220 pin 17 from falling low until the timing 
capacitors have discharged. Transistors Q212 and G214 
and front-panel HOLD OFF control R210 provide variable 
current to the timing components to change the hold-off 
time period 

LOCKOUT BUFFER AMPLIFIER 

A Sweep Lockout pulse (high) may be initiated at 
interface connector pin B8 by mainframe switching 
functions. A high level, coupled from interface connector 
B8 through the Lockout Buffer Amplifier Q202 and Q206 
to the Lockout input at U220 pin 18, initiates a Swp 
Disable pulse at U220 pin 17, thereby disabling the 
sweep. The Lockout pulse (high) is also applied through 
Q358 (diagram 4) to the hold off start input at U220 pin 
16 to enable the hold off cycle. 

HOLD OFF OUTPUT AMPLIFIER 

The Hold Off Output Amplifier inverts and amplifies the 
Hold Off signal from U220 for the mainframe 

Transistor 0272 inverts the Hold Off signal from U220 to 
provide a high level when hold off is present The 
inverted signal is coupled through emitter follower 0274 
to interface connector B4 



< 3 > 

SWEEP GENERATOR 

The Sweep Generator produces a linear ramp waveform 
for the mainframe when gated by the Trigger Generator. 
The sweep trace is displayed either independently or as 
the intensified sweep (when used with a companion 
delayed time base unit) of an alternate display. The 
sweep ramp is also used as a time reference for the delay 
pickoff comparator (diagram 5) A sweep gate 
(unblanking) is also generated in this circuit block. 

The linear sweep ramp waveform is produced by 
charging a capacitor from a constant-current source. The 
slope of the ramp determines the sweep rate of the 
displayed trace Figure 3-5 is a block diagram of the 
Sweep Generator 

TIMING CURRENT SOURCE 

The Timing Current Source stages generate a constant 
current for the Ramp Generator stages (see Figure 3-5). 
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Figure 3-4. Detailed block diagram of Logic circuit. 
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Figure 3-5. Detailed block diagram of Sweep Generator. 
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Figure 3*5 (cont). Detailed block diagram of Sweep Generator. 
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A Reference Voltage Source is established by the +50 
volt supply and R71Q. R71 1. and R705 (front -panel SWP 
CAL adjustment). 



The MAG switch, S435, Increases the Horizontal 
Preamplifier gain ten times by connecting R431 and 
R430 m parallel with R442. 



The reference voltage is applied to the Source Current 
Generator stage Operational amplifier U722 provides 
unity voltage gain and low output impedance. The output 
of U722. is connected through Q732 to the Timing 
Resistors (R741 through R749). Timing current is the 
result of the voltage across the Timing Resistors and 
flows through the collector of 0732 to the Ramp 
Generator stages. 



RAMP GENERATOR 

The Ramp Generator stages produce a linear positive 
going ramp for the Output Preamplifier and Sweep Gate 
Generator stages, and for delay pickoff in the Logic DVM 
(diagram 5), Refer to Figure 3-5. 



The Position Voltage Source stage combines the dc 
voltages of the FINE and POSITION controls to produce a 
position voltage level at the output of operational 
amplifier U416 This voltage level on the base of 0434 
provides a ramp -waveform -offset voltage to horizontally 
position the displayed trace. 

The Auxiliary Sweep Preamplifier stage provides a 
negative-going sweep ramp to the mainframe (via 
interface connector pins A3 and R3) for sawtooth output 
and special plug-in unit functions. Transistors G344 and 
0346 form a unity-gain inverting amplifier for the 
sawtooth signal from the Ramp Voltage Follower Stage. 
Diode CR344 provides emitter-base compensation. 

SWEEP GATE GENERATOR 



Upon the arrival of a high-level Sweep Start Gate at the 
Current Switch stage, Q322 turns on and Q324 turns off 
The source current from 0732 charges the Timing 
Capacitors (C332, C334 H C336) in a positive ramp. Field 
effect transistors G334A, G334B, and transistor Q338 
form a unity-gain Ramp Voltage Follower for the sweep 
ramp. The output of Q338 is connected to the Horizontal 
Preamplifier, Sweep Stop Comparator, Delay-Time 
Comparator, and Baseline Stabilizer stages. 






When the Sweep Start Gate is low ( Q322 turns off and 
Q324 turns on causing the Timing Capacitors (C332^P 
C334, and C336) to discharge. The Baseline Stabilizer 
stage (Q304, 0314) maintains a constant level J#fom 
which the ramp begins. The output of Q338 is compared 
(via Q304A) with the reference level at the base of 
Q304B If the output of Q338 is less than the reference, 
Q314 will charge the timing capacitors through CR323 
until the output and reference voltages are equal. If the 
output of 0338 is greater than the reference, Q314 
conducts more and CR323 conducts less causing the 
Timing Capacitors to discharge through 0324 and R322 
When the output and reference voltages are equal, the 
current through CR323 and Q732 equal the current 
through Q324. 



The Sweep Gate Generator produces an unblanking gate, 
at interface pm A1, for the 2-Axis system of the 
mainframe. When the sweep is displayed, the crt is 
unblanked (gate level high), The sweep is blanked (gate 
level low) between sweeps. Refer to Figure 3-5. 

The sweep ramp is applied to the Sweep Stop 
Comparator stage. A reference voltage is set at the base 
of 0356 When the ramp voltage exceeds the reference 
voltage, 0352 turns off and 0356 couples a high level 
through common-base transistor Q358. The Sweep Stop 
Comparator output is coupled to the Sweep Gate 
Generator stage and to the Logic circuit (diagram 3) to 
initiate hold off. 

The Z-Axis gate from the Trigger Generator circuit 
(diagram 2) is low at the start of the sweep. This low level 
turns off 0372. The resultant high-level sweep gate 
pulse at the collector of Q372 is coupled through emitter 
follower Q382 to the mainframe for sweep unblanking. 
At the end of the sweep, the high level from the Sweep 
Stop Comparator stage turns Q362 off and 0372 on. The 
resultant low is coupled through emitter follower 0382 
to the mainframe for sweep blanking 



HORIZONTAL PREAMPLIFIER 

The Horizontal Preamplifier stages connect the 
differential sweep signal to the mainframe and provide 
an offset voltage for trace positioning. Provisions are 
made in these stages for sweep magnification, and a 
negative-going sawtooth signal is supplied to the 
mainframe for sawtooth output and special plug-in unit 
functions. Refer to Figure 3-5 

The sweep ramp voltage from 0338 is coupled to the 
Horizontal Preamplifier stage at the base of Q424. 
Transistors 0424 and 0434 form a single-ended to push- 
pull converter with 0428 and 0438 as current follower 
stages for the push-pull signal. Output Q448 and Q458 
provide final amplification and connect the sweep signal 
to the mainframe. 



<£> 

DVM 



DELAY TIME COMPARATOR AND DELAY 
GATE GENERATOR 

The Delay Time Comparator (DTC) produces a signal that 
goes positive when the sweep voltage is more positive 
than the delay comparison voltage from the ACQUIRE- 
STOP DELAY control The DTC consists of G512B and 
Q522A (Q512A and Q522B are not used because +5V 
turns off 0528 via R529 ) The DTC operates at sweep 
speeds from 5 s to tOps/Div, At sweep speeds above 10 
jys/Div, a low level from 0607 (diagram 6) turns Q518 
off When G518 is turned off, the DTC does not function, 
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and no Delay Gale occurs. Unity-gain buffer U535A 
couples the voltage from the ACQUIRE-STOP DELAY 
control to the comparator. When the Sweep Ramp 
voltage at the base of G522A exceeds the reference 
voltage from U535A, Q522A shuts off and 051 2B turns 
on. Because Q522A is turned off, the low level at its 
collector turns off 0564, the input of Schmitt trigger pair 
0564- Q568 With 0564 turned off, Q568 conducts a 
greater current through 0574. 

The Delay Gate Generator {DGG} produces the Delay 
Gate signal in response to the output of the Delay Time 
Comparator and the Z-Axis Gate line. The DGG consists 
of 0572 and 0574. 

The Delay Gate starts when a low-logic level on the Z- 
Axis Gate line turns Q572 off When 0572 is shut off. 
0574 conducts all the current from G568, which is off 
because the Sweep Ramp voltage is lower than the 
voltage from the ACQUIRE-STOP DELAY control. This 
causes G574's collector voltage to produce a positive 
transition, which is the leading edge of the Delay Gate, 
When the Sweep Ramp voltage exceeds the voltage from 
the ACQUIRE-STOP DELAY control, Q522A turns off and 
051 2B turns on. This causes the Schmitt trigger 
transistor 0568 to conduct a greater current through 



0574, whose collector voltage fails and forms the trailing 
edge of the Delay Gate. Emitter -follower 0578 applies 
the Delay Gate to pin B9 of the Interface Board's edge 
connector. Figure 3-6 shows the timing of the events that 
form the Delay Gate Signal. 

If the 7B87 is in the A Horiz plug-in compartment and the 
INTERNAL AOS CLOCK /AQR button is pressed, S645 
grounds the Delay Mode line. The Delay Mode line turns 
on 0576, which saturates and removes the collector 
voltage from 0574. In this situation the Delay Gate line 
stays at a low-logic level. This permits a time base in the 
8 Horiz plug-in compartment to operate independently 



DIGITAL VOLTMETER 

The Digital Voltmeter circuit converts the Delay 
Comparison Voltage, determined by the ACQUIRE-STOP 
DELAY front panel control to an accurate time 
measurement which is displayed on the crt by the 
mainframe readout system. The schematic for the Digital 
Voltmeter circuit is shown on diagram 5. 




Figure 3-6. Timing of events that form the Delay Gate signal. 
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DELAY COMPARISON VOLTAGE-TO-R AMP 
CONVERTER 

The Delay Comparison Voltage-to-Ramp Converter, 
U547, develops a negative-going ramp at CR552's anode 
The current that flows through R537 and R539 (delay 
comparison current, determined by the ACQU1RE-STOP 
DELAY front-panel control) is integrated by U547 and 
C547 to form a negative-going ramp with a slope 
proportional to the delay comparison voltage. 
Consequently, the more positive the delay comparison 
voltage, the more negative the ramp will run 

After a period of time (determined by U590) diode CR547 
turns on and adds reference current to the delay 
comparison current. This reference current polarity is 
opposite to the delay comparison current and at least 10 
times greater. Therefore, the output of US47 becomes a 
positive-going ramp, When the positive-going ramp 
reaches about 7 volts, the Comparator stage switches 
and the Ramp control turns off CR547. The output of 
U547 becomes a negative-going ramp, completing the 
cycle. 



COUNTER AND ENCODER 

The Counter and Encoder circuit consists essentially of a 
four-decade counter with a multiplexer and associated 
circuitry. 

An integration cycle of 100,000 counts begins with the 
ramp control (pin 16) going high and starting a short 
internal delay. During the delay, the counters are cleared 
and set to their initial state. After the delay, the counters 
are enabled and increment until a transition occurs on 
the comparison input (pin 8} signaling that the counters 
contain the desired digital output which is a direct 
function of the delay comparison voltage. At this point 
clock pulses to the counters are disabled, the ramp 
control is set low, and the contents of the counter are 
latched. The counter then resumes operation, 

Each decade counter counts synchronously with data 
read out by sequentially strobing U590's select lines, 
pins 3, 4, 5, and 6. The output appears at pin 18 as a 
current which varies from 0 ma to 1 ma in 100 fiB steps. 



The DVM Zero adjustment, R55Q, provides a dc offset 
current to set the quiescent operating level of the Delay 
Comparison. Voltage to Ramp Converter Scaling 
adjustment R538 allows for calibration of the delay 
comparison current. 

COMPARATOR 

The Comparator circuitry drives the comparator input of 
U590 When the output of U547 rises to about 7 volts, Jf 
forward biases CR552. which turns on 0552. Inverters 
U556B and U566D provide rapid latch up of the positive- 
going signal from Q552 and U556C applies the 
comparator input of U590. 

REFERENCE CURRENT SOURCE 



Integrated circuit U590 uses S800 cam-switch control 
voltages at pins 10 and 11 for accurate V, 2, and 5 
sweep-speed scaling. The presence of voltages at pins 10 
or 1 1 allows U590 to determine if it should be dividing by 
two or by five. An absence of voltage at both pins is 
interpreted as "divide by one." 



o° 
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CLOCK GENERATOR 

The Clock board generates a Clock signal for digitizing 
mainframes such as the 7854 Diagram 6 depicts the 
circuitry on the Clock board There are 10 groups of 
circuitry on diagram 6, as follows: 



the Reference Current Source determines the amount of 
current to be used for comparison with the delay 
comparison current. The front -panel SWP CAL control 
determines the absolute value of reference current, The 
Swp Cal reference input, on pin 1 of J100, changes the 
reference current value to compensate for different front- 
panel SWP CAL settings. 



1. Control Logic. The Control Logic generates the signals 
that operate the X1-X10 Multiplexer 

2 Oscillator, The Oscillator produces a 20.48 MHz signal 
that serves as the reference for the Clock Generator 



REFERENCE CURRENT INVERTER 

The Reference Current Inverter acts as a current "mirror" 
to produce an equivalent current in opposite polarity. 
Thus, current flowing through R546 is reversed as it 
flows through R547 Reversing current flow allows U547 
to sum the reference current with the delay comparison 
current. 



3, First Divider. The First Divider produces outputs of 
10.24, 5,12, 2.048. and 1 024 MHz and 512 kHz for the 
X1-X10 multiplexer 

4 X1-X1G Multiplexer. The X1-X10 Multiplexer selects 
its output based on the position of the MAG X1-X10 
control. 



The ramp control output of U590 controls the reference 
current switching A high on pin 16 of U590 causes a 
low at U556A r s output, which reverse biases CR555, 
This causes U535 to forward-bias CR547 and allows 
reference current to flow from the summing node at pin 
2 of U547. A low at pin 1 6 of U590 forward-biases 
CR555, turning off CR547 and routing the reference 
current away from U547's summing node 



5 Decade Divider. The Decade Divider furnishes five 
inputs to the Internal Clock Multiplexer It produces the 
five inputs by dividing the output of the X1X10 
Multiplexer by 10. 100, 1,0OQ r and 100,000 

6, Internal Clock Multiplexer. The Internal Clock 
Multiplexer selects one of the outputs of the Decade 
Divider as the input to the Output Clock Multiplexer. 
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7 Output Clock Multiplexer. The Output Clock 
Multiplexer selects the output of the Internal Clock 
Multiplexer, the Internal Clock divided by 1000, or the 
signal from the EXT CLOCK IN connector to be the 
"acquire clock" signal. 

8. Intensify Circuit. The Intensify Circuit causes the 
mainframe to intensify the display between sweep start 
and the point selected by the ACQUIRE-STGP DELAY 
control. 

9. External Clock Buffer Ihe External Clock Buffer is a 
high-impedance source follower which ensures that the 
7887 will not load the external signal source. 



Gates U622A, B, C and D and U623B, C and D are wired 
so that they provide low-logic levels to the enable inputs 
of a) XI multiplexer U638 from 5s to lOfis/div when 
the MAG button is set to XI. and b) X10 multiplexer 
U637 from 5s to 50 ps/div when the MAG button is set 
to XI 0. Table 3-1 is a truth table that gives details of this 
operation 

When the TIME/DIV switch is set between 5 s and 10 
//s/Piv, section 1 of S800 turns Q607 off. The high level 
output of Q607 permits the Delay Time Comparator 
(diagram 5) to operate At settings between 5 fis and 10 
ns/Div, Q607 is turned on r producing a low output level 
that disables the Delay Time Comparator, 



10 AGS CLOCK/AGR Switches. The AGS CLOCK/ AGR 
switches control the Output Clock Multiplexer and the 
Intensify circuit. 

CONTROL LOGIC 

The Control Logic (CL) circuit produces a select input for 
Output Multiplexer U660, and enable inputs for XI 
multiplexer U638 and XI 0 multiplexer U637 The CL 
circuit consists of U621A, U622A. B, C and D, and 
U623B, C and D 



OSCILLATOR 

The Oscillator generates a 20.48 MHz signal that serves 
as the reference for the dock -gene rat mg circuitry. Gates 
U621B and C and crystal Y626 form the Oscillator, 

The Oscillator has two enable inputs, which are 
connected to the TIME/DIV switch, via U622D, and to the 
AGS CLOCK/AGR switch. Both enable inputs must beat 
high-logic levels to allow oscillation 



When the TIME/DIV switch (S800) is set from 5 s to 10 
/iS/Div, section 1 1 is closed. The ground from S800 
section 11 causes U622D to assert a high-logic level to 
U621B's pin 5 input, which enables the oscillator. 



When section 18 or 35 of TIME/DIV switch S800 is 
closed, U621A will be active and apply a high-logic level 
to multiplexer U660's pin 15 input. One or both of 
sections 18 and 35 ts closed from 5s to 50 /vs/di v, and ^ 

from 2 fis to 50 j/s/div Because of this, U621A applies a? When the AGS CLOCK/AGR control is set to INTERNAL 

highdogic level to U660's pin 15 input at all TIME/DIV or INT 4 1000, R 646 applies a high-logic level to U621C r s 

settings except 20, 10, and 5 fjs r and 20 and lO^ns. pm 10 input. When the AQS CLOCK/AGR control is set 

TABLE 3*1 

Truth Table, TIME/DIV Setting vs. Strobes for U637 and U638 





MAG 


U622C 


Outputs 


U622A 


U623C 


Strobe for 
U637 
(U623D) 


Strobe for 
U638 
(U623B) 


U622D 


U622B 


5s to 50^s 


L 


L 


H 


H 


L 


H 


H 


L’ 


20 & ^0jJS 


L 


H 


H 


H 


L 


H 


H 




5ps 


L 


H 


L 


H 


H 


L 


H 


H 


?ps to 50 ns 


L 


L 


L 


H 


H 


L 


H 


H 


20ns, 10 ns 


L 


H 


L 


H 


H 


L 


H 


H 


5s to SOjjs 


H 


L 


H 


H 


L 


H 


L* 


H 


2Qfj$ t 10/js 


H 


H 


H 


L 


H 


L 


H 


H 


Sps 


H 


H 


L 


L 


H 


L 


H 


H 


2ps lo 50 ns 


H 


L 


L 


H 


H 


L 


H 


H 


20ns, 10 ns 


H 


H 


1 


L 


H 


L 


H 


H 



Operates from 5s to 10^s div r in XI MAG 
^Operates from 5s to SO^s/div. in XI 0 MAG 
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to EXT/AQR, S645 grounds the enable line and stops the 
oscillator 



FIRST DIVIDER 

The First Divider (FD) receives the reference frequency 
from the oscillator and divides it to form five sub- 
frequencies (10.24, 5,12, 2.56, and 1.28 MHz, and 512 
kHz), The FD consists of U635 and U636. 

Counter U635 receives the 20, 48- MHz reference 
frequency on its A input and produces a half-frequency 
output (10.24 MHzJ, The 10.24 MHz signal clocks 
counter U636, which provides signals at one-half {5 12 
MHz) and one-fifth (2.048 MHz) the 10,24-MHz mput 
frequency. 

The 2.048 MHz output from U636 clocks U635's B input, 
and U635 provides signals at one-half {1 .024 MHz) and 
one-fourth (512 kHz) the 2.048-MHz input. 



INTERNAL CLOCK MULTIPLEXER 

The Internal Clock Multiplexer receives the outputs of the 
Decade Divider, and selects the one designated by the 
outputs of the TIME/DIV switch as the Internal Clock. 
One-of-sixteen multiplexer U660 is the Output Clock 
Multiplexer. Table 3-2 shows which inputs LJ660 selects 
for each setting of the TIME/DIV control, 

OUTPUT CLOCK MULTIPLEXER 

The Output Clock Multiplexer receives the Internal Clock, 
die I nt * 1000 clock, and the Ext Clock signals and 
selects one of them to be the output Clock signal. 
Multiplexer U655 r Q663, Q667 and Q671 form the 
Output Multiplexer, 

The AOS CLOCK/ AGR switch, S645, controls pins 10 
and 11 of U655, and causes U655 to select one of its 
three inputs. Table 3-3 shows the three positions of 
S645 and the resulting output of multiplexer U655 



X1-X10 MULTIPLEXER 



Transistors Q663, G667 convert the TTL output of U655 
to a level suitable for the mainframe. 



The X1-X10 Multiplexer selects the input frequency 
designated by the levels on its A, B and C inputs. The 
circuit consists of XI multiplexer U638, XI 0 multiplexer 
U637 and gate U621 D Table 3-2 shows which inputs the 
XI, XI 0 and Internal Clock multiplexers select for each 
setting of the TIME/DIV control. 



INTENSIFY CIRCUIT 

The Intensify circuit produces the Aux Z Axis signal, 
which intensifies the display via the mainframe's z-axis 
amplifier, when: 

cT 






& 



& 



DECADE DIVIDER 












a. The 7B87 is in the B Horiz plug-in compartment, 
and 

b. The Display B (pin B7) line is at a high-logic level 



The Decade Divider (DD) receives the output of the XI- 
XI 0 Multiplexer, and from it provides five submultiple 
frequencies to the Internal Clock Multiplexer, The DD 
consists of counters U651, U652, U653 and U654. 



If the Display B line is at a low- logic level when the 7B87 
is in the B Horiz plug-in compartment, or if the 7B87 is in 
the A Horiz plug-in compartment, the Intensify circuit 
does not produce the Aux Z-Axis signal. 



Counters U651, U652 and U653 divide the output of the 
X1-X10 Multiplexer and furnish the * 10, 100, * 1 k, * 

10 k and 100 k signals to the Internal Clock Multiplexer. 

Counter U654 receives the * 10 signal from U653, and 
divides it by 100 to form the Int * 1000 input for the 
output Clock Multiplexer. 



Although the 7B87 is not called a "delaying" time base, 
its "acquire stop" signal is identical to the Delay Gate in 
a delaying time base, and its delay-mode operation is the 
same That is, the Delay Gate in the 7B87 has two 
functions— it sets the boundaries of the acquisition time 
in a digitizing mainframe, such as the 7854, and operates 



TABLE 3-3 

Operation of Output Multiplexer U655 



S645 


U655 Select Inputs 




AQS CLOCK/ AGR 


Pin 11 


Pin 10 


Output of U655 


INTERNAL 


L 


H 


Internal Clock 


INT + 1000 


H 


H 


Internal Clock r 1000 


EXT/AQR 


H 


L 


External Clock 
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like the Delay Gate of a delaying lime base. By setting the 
voltage on the Delay Mode line, the three AQS 
CLOCK/AQR pushbuttons, INTERNAL, INI + 1 000, and 
EXT/AGR, cause operating modes that correspond to 
Independent, B Starts After Diy, and B Triggerable After 
Dly H respectively (if the 7B87 is in the A Horiz plug-in 
compartment). The Delay Mode line controls G576 and 
Q574 The voltage on the Delay Mode line, that goes to 
pin B2, is 0 V, +5.0 V, and +3.6 V, respectively, when the 
INTERNAL INT divided by 1000. or EXT/AGR button is 
pressed. 

7B87 IN A HORIZ PLUG-IN 
COMPARTMENT 

INTERNAL BUTTON PRESSED 

A low-logic level on the Delay Mode line turns on G576 
(refer to diagram 5). which saturates and removes the 
collector voltage from G574. Without collector voltage, 
0574 produces no Delay Gate signal. Transistor 0678 
controls intensification in response to the voltage on pm 
A1 6. When the 7B87 rs in the A Horiz plug-in 
compartment pin A16 will be at +5 V, Intensification then 
cannot occur because G678 and G680 keep Q681 turned 
off When 0681 is off, its output turns off G687, which 
prevents G574 (diagram 5) from producing the Delay 
Gate. Either of these events will prevent a Delay Gate 
from occurring in the A Horiz compartment with the 
INTERNAL button pressed; one would be sufficient. 
When there is no Delay Gate there is no Aux Z-Axis 
signal and no intensification 



Source-follower 0642 and current source Q643 present 
a high impedance to the input signal. Inverter U623A 
applies an inverted, TTL version of the Ext Clock In signal 
to multiplexer U655. Diodes CR641 and CR642 limit the 
voltage at Q642's gate to the -0.6 V to +5.6 V range. 



AQS CLOCK/AQR Switches 

The AGS CLOCK/AQR Switches control the Output Clock 
Multiplexer, activate the Delay Mode line for the Intensify 
circuit, and insert different resistances in the Ch 1, 
Analog Data Row line. 

Two sections of $645, operated by the INTERNAL and 
EXT/AGR buttons, control the select lines for multiplexer 
U655. When a button is released, that switch's output 
line will be at a high-logic level; and when a button is 
pressed that switch's output line will be at a low-logic 
level When the EXT/AGR line is pressed, the low- logic 
level on the output line stops the Oscillator. 

Two sections of $645 select the voltages on the Delay 
Mode line, which are: 
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7B87 IN B HORIZ PLUG-IN 
COMPARTMENT 



•y 






& 
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INTERNAL BUTTON PRESSED 

A low-logic level on the Delay Mode line turns off Q576 
(refer to diagram 5). The pin A16 input is at ground, 
which turns off Q680 via G678, and 0680 turns on 
068 L The output of Q681 turns on Q687, which has two 
effects: 



Button 


Voltage on 


Pressed 


Delay Mode Line 


INTERNAL 


gnd 


INT - 1000 


+5 V 


EXT/AQR 


+3.5 V 



Acquire Clock Mode 

When the 7B87 is in the B Horiz plug in compartment, 
the current in the TS10 fine indicates the Acquire Clock 
Mode, as follows: 



a. It supplies collector voltage for Q574 via R687, and 

b If the Display B line *s at a high-logic level, it turns 
on G691 via R688 

Transistor G691 conducts current from the mainframe, 
which intensifies the display. 

When the TIME/D1V control is set to 10^/s or faster, +5 V 
turns on CR677 via R611. This clamps the emitter of 
Q691 to about +3 4 V, which turns it off and prevents 
intensification. 



TABLE 3-4 

Current in CHI Readout Line vs 
Acquire Clock Mode, During TS10 



Acquire 


Current 


Clock Mode 


CH 1 Row 


CH 2 Column 


Internal 


0 1 mA 


0 mA 


Internal + 1000 


0 2 mA 


0 mA 


External 


0.3 mA 


0 mA 



Externa! Clock Buffer 

The External Clock Buffer receives the signal from the 
EXT CLOCK IN connector, buffers it, and applies it to the 
Output Clock Multiplexer The External Clock Buffer 
consists of Q642, G643 and U623A. 



When the 7B87 is installed in the B Horiz plug-in 
compartment, the information during TS10 is used by a 
digitizing mainframe (such as the 7854) to sense the 
7B87 r s dock mode. 
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TIME/DIVISION AND READOUT 
SWITCHING 

The Readout Switching circuits provide sweep rate and 
delay time information to the mainframe readout system. 
Readout circuitry appears on the Time/Division and 
Readout Switching diagram (7} at the rear of this manual. 



BASIC READOUT SYSTEM 

The readout system in 7000-senes mainframes provides 
alpha-numeric display of information encoded by the 
plug- in units. This display is presented on the crt, and is 
written by the crt beam on a time shared basis with the 
analog waveform display. 

The readout system produces a pulse train consisting of 
ten negative-going pulses called time-slots. Each pulse 
represents a possible character in a readout word, and is 
assigned a time-slot number corresponding to its position 
in the word. Each time-slot pulse is directed to one of ten 
output lines, labeled IS 1 through TS 10 (time slots one 
through ten), which are connected to the vertical and 
horizontal plug-in compartments. Two output lines, row 
and column, are connected from each channel (two 
channels per plug-in compartment) back to the readout 
system. 



TIME /DIVISION READOUT 

Time/Division readout is displayed on channel 1 {top of 
the graticule) corresponding to the plug-in compartment 
in which the time-base unit is installed The sweep rate 
is selected by TIME/DIV switch S80Q, which also selects 
the resistors that determine the various readout 
characters shown in Table 3-5. 

ACOUIR E-STOP DELAY TIME READOUT 

The Acquire -Stop delay time is displayed on Channel 2 
{bottom of graticule} corresponding to the plug-m 
compartment where the 7B87 is installed. The Acquire- 
Stop delay time is selected by the ACQUIRE -STOP DELAY 
control, R535, as explained in the Delay Line Comparator 
and Delay Gate Generator description (diagram 5). 

The resistors that control the various delay time readout 
functions are shown in the channel 2 portions of Table 3- 
5. Numerical scaling for delay time readout (1, 2, 5 
sequence) is explained in the Digital Voltmeter 
description (diagram 3). 






<?> 



& 



& 






INTERFACE CONNECTIONS AND 
POWER SUPPLY 



Data is encoded on these output lines either by 
connecting resistors between them and the time-slot 
input lines or by generating equivalent currents The 
resultant output is a sequence of analog current levels on 
the row and column output lines. The row and column 
current levels are decoded by the readout system to 
address a character matrix during each time slot, thus 
selecting a character to be displayed or a special 
instruction to be followed. 



The Interface Connectors connect control signals and 
power supply voltages between the mainframe and the 
time -base. 

The Power Supply derives supply voltages from the 
mainframe supplies for power requirements unique to 
this instrument. Additional voltage regulation is also 
provided within the 7B87. 
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Readout Character Selection 
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MAINTENANCE 



This section of the manual contains information for performing preventive maintenance, troubleshooting, and corrective 
maintenance for this instrument. 



PREVENTIVE MAINTENANCE 



Preventive maintenance consists of cleaning, visual inspection, lubrication, etc. Preventive maintenance performed on a 
regular basis may prevent instrument breakdown and will improve the reliability of the instrument. The severity of the 
environment to which this instrument is subjected determines the frequency of maintenance, A convenient time to 
perform preventive maintenance is preceding adjustment of the instrument. 



CLEANING 

This instrument should be cleaned as often as operating 
conditions require. Accumulation of dirt on components 
acts as an insulating blanket and prevents efficient heat 
dissipation which can cause overheating and component 
breakdown. 



C w v ^> r ^ s** w ^ ^ v ■ ^ , 



CAUTION 



■y 









^ jT' f 



Avoid the use of chemical cleaning agents 
which might damage the plastics used in this 
instrument. In particular, avoid chemicals that 
contain benzene . toluene , xylene , acetone, or 
similar solvents 



SWITCH CONTACTS 

Switch contacts and pads are designed to operate dry for 
the life of the switch However, as the switches are not 
sealed, dust attracted to the contact area may cause 
switch contacts to become electrically noisy. Cleaning 
may be accomplished by flushing the contact area with 
isopropl alcohol or kelite ft part kelite to 20 parts water). 
Do not use chemical cleaning agents that leave a film or 
that might damage plastic parts. Do not use cotton swabs 
or similar applicators to apply cleaning agents, as they 
tend to snag and leave strands of cotton on switch 
contacts Should it become necessary to remove a switch 
for replacement or cleaning, refer to Component Removal 
and Replacement in this section. 



VISUAL INSPECTION 



EXTERIOR 

Loose dust accumulated on the front panel can be 
removed with a soft cloth or small brush. Dirt that 
remains can be removed with a soft cloth dampened with 
a mild detergent and water solution. Abrasive cleaners 
should not be used. 



INTERIOR 

Dust in the interior of the instrument should occasionally 
be removed due to its electrical conductivity under high- 
humidily conditions. The best way to clean the interior is 
to blow off the accumulated dust with dry, low-pressure 
air. Remove any dirt which remains with a soft brush or a 
doth dampened with a mild detergent and water 
solution A cotton-tipped applicator is useful for cleaning 
in narrow spaces. 



This instrument should be inspected occasionally for 
such defects as broken connections, improperly seated 
semiconductors, damaged circuit boards, and heat- 
damaged parts. 

The corrective procedure for most visible defects is 
obvious; however, particular care must be taken if heat- 
damaged components are found. Overheating usually 
indicates other trouble in the instrument; therefore, it is 
important that the cause of overheating be corrected to 
prevent recurrence of the damage 



LUBRICATION 

Generally, there are no components in this instrument 
that require a regular lubrication program during the life 
of the instrument. 
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CAM SWITCH LUBRICATION 

In most cases, factory lubrication should be adequate for 
the life of the instrument. However, if the switch has 
been disassembled for replacement of switch sub-parts, 
a lubrication kit containing the necessary lubricating 
materials and instructions is available through any 
Tektronix Field Office. Order Tektronix Part 003-0342-01. 
General Electric Versifube# silicone grease should be 
applied sparingly so that the lubricant does not get on the 
contacts. Refer to Figure 4-1 for lubrication instructions. 



SEMICONDUCTOR CHECKS 

Periodic checks of the semiconductors in this instrument 
are not recommended The best check of semiconductor 
performance is actual operation in the instrument. More 
details on checking semiconductor operation are given 
under Troubleshooting 



ADJUSTMENT AFTER REPAIR 



After any electrical component has been replaced, the 
adjustment of that particular circuit should be checked, 
as well as the adjustment of other closely related circuits 
The Performance Check and Adjustment procedure in 
this manual provides a quick and convenient means of 
checking instrument operation. In some cases, minor $ 
troubles may be revealed or corrected by adjustment. 





(T) Apply lubricant to the drum journals and 
mating surface in the mounting bearings. 



(T) Apply 
index 



lubricant 

wheel. 



to the wear surface of the 







Apply lubricant to the index roller and roller 
guide in the front bearing, A thin film should 
be applied to the inner face of the detent 
springs if more than one spring is replaced. 




Ensure that some lubricant is present at the 
interface between the bearing and retainer dip. 



C1967'2 



Figure 4-1. Lubrication procedure for a typical cam switch. 



TROUBLESHOOTING 



The following information is provided to help troubleshoot this instrument Information contained in other sections of 
this manual should be used along with the following information to aid in locating the defective component. An 
understanding of the circuit operation is very helpful in locating troubles, particularly where integrated circuits are used. 



TROUBLESHOOTING AIDS 

DIAGRAMS 

Circuit diagrams are given on foldout pages in section 8 
The component number and electrical value of each 
component in this instrument is shown on the diagrams 
Components that are mounted on circuit boards are 
outlined on the diagrams with a heavy black line, 

VOLTAGES AND WAVEFORMS 

Typical operating voltages are shown on the diagrams. 
Voltage conditions given on the diagrams page indicate 
the test equipment used and the front-panel control 
status necessary to obtain the given voltages. 



Typical operating waveforms are shown next to the 
diagram where they were measured. Each waveform is 
numbered to locate on the diagram the point where the 
waveform was taken. Waveform Conditions given on the 
diagram page list the test equipment used and the front - 
panel control status necessary to obtain the given 
waveform. 



CIRCUIT-BOARD ILLUSTRATIONS 

Circuit-board illustrations are shown on the foldout page 
preceding the associated diagram Each board-mounted 
electrical component is identified by its circuit number, 
as are interconnecting wires and connectors. 
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NOTE 

LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL , BUT MAY 
VARY DUE TO VENDOR CHANGES OR INSTRUMENT MODIFICATIONS , 




INTEGRATED CIRCUITS * 

(1986 — 66)2788 — SIB 



Figure 4 2. Semiconductor lead configuration. 



REV SEP 1981 
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Figure 8-2, in the front of the diagrams section, shows 
the location and assembly number of each circuit board 
in this instrument. 



WIRING COLOR CODE 

Insulated wire and cable used in this instrument is color 
coded to facilitate circuit tracing. 



SWITCH CAM IDENTIFICATION 



SEMICONDUCTOR LEAD CONFIGURATIONS 



Switch cam numbers shown on diagrams indicate the 
position of each cam in the complete switch assembly. 
The switch cams are numbered from front to rear, 

DIODE COLOR CODE 

The cathode end of each glass-encased diode is indicated 
by a stripe, a series of stripes, or a dot. The cathode and 
anode ends of metal-encased diodes are identified by the 
diode symbol marked on the case. For most silicon or 
germanium diodes with a senes of stripes, the color code 
identifies the four significant digits of the JEOEC or 
vendor number using the resistor color-code system (e.g„ 
a diode color-coded yellow-brown-green-red indicates a 
IN-4152 diode). 



Figure 4-2 illustrates the lead configurations for all 
semiconductors used in this instrument. Some plastic- 
case transistors have lead configurations that do not 
agree with those shown here, if a replacement transistor 
is made by a different manufacturer than the original, 
check the manufacturer's lead configuration diagram Alt 
transistor sockets in this instrument are wired for the 
standard lead configuration used for metal-case 
transistors. 

INTER-BOARD PIN CONNECTOR 
IDENTIFICATION 

The inter-board pin connector sockets are installed on 
circuit boards, in groups of 5 sockets (as in Fig 4-3). 



Socket number 1 is indexed on the circuit board with 




Cl 906 67 



PIN 

SOCKET 



GUIDE 



PIN 

SOCKET 



INDEX 



INTER-BOARD 
MULTI PIN 
HOLDER 



either a triangular mark or the number 1. Each group of 
sockets is identified by its J (jack) number etched on the 
circuit board. The J numbers correlate to the J (jack) and 
P (plug) circuit numbers on the schematic diagrams. 

MULTI-PIN CONNECTOR IDENTIFICATION 

Multi-pin connectors mate with groups of pins soldered 
to circuit boards. Pin number 1 is indexed with a 
^triangular mark on the circuit board and molded on the 
holder of the multi -pin connector, as shown in Figure 4- 
4. Each group of pins is identified by its corresponding J 




Figure 4-3. Inter-board multi-pin connector assembly. 



Figure 4-4. End-lead multi-pin connector assembly. 
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